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INTRODUCTION. 


This paper is presented as an outline of shipbuilding practice in the Liverpool district, showing 
recent improvements that have been effected in plant and layout, and the influence of electric welding, all 
of which have tended to simplify construction and increase output. 

It is hoped that members resident in other shipbuilding areas will contribute generously in the 
discussion thereby to make the whole fully representative of the art of shipbuilding as now practised, the 
methods adopted and plant utilised. 

Mr. Langland in his paper of 1921* said that the standard of workmanship had declined after the 
Great War; workman had become less efficient and now after the “Great Depression” the supply of 
skilled men is quite inadequate to carry out new construction in Admiralty and mercantile programmes, 
creating an obvious difficulty for the managements of shipbuilding works to comply with requirements. 
Owners pay the price for first class work and claim to receive it, irrespective of labour difficulties. 

On looking through the Transactions of the Staff Association it was observed that papers have from 
time to time been given by various Members on some specific branch of the subject now under review and 
the author’s remarks are intended to cover points not gene rully referred to by them, so as to view the 
subject as a whole. 

Various departments in the shipyard are dealt with in the following order, viz :— 

Design and Ship Drawing Offices, Layout of Platers’ Shed, Machines in Platers’ Shed, Mould 
Loft, Platers, Shipwrights, Drillers, Riveters, Welders, Caulkers and Testers, Shipfitters, 
Plumbers, Blacksmiths ; also Sheet Ironworkers, Joiners, Electricians and Riggers, Painters and 
Plant Department. 


The Plant Department is included so as to emphasise the need for upkeep, and finally, as a matter of 
importance a few words on * Defects found in plates and sections after delivery” have been added. 

A list is given in an Appendix of the titles, authors and dates of delivery of papers given to 
the Staff Association dealing with particular sections of the subject. under review. 


DeEsicN aNnD SHIP DRawiNG OFFICES. 


After an order has been placed for the construction of a ship and the conditions defined as regards 
deadweight, carrying capacity at a certain draught, horse power and speed, the design office prepares a 
set of lines showing the form of the vessel. Should a tank test be required, a model is prepared and 
tested, the form modified, if necessary, and full particulars sent to the mould loft. It is of interest to note 
that the total tonnage of all the designs submitted to the National Experimental Tank for testing in 1936, 
represented slightly over 80 per cent of the merchant tonnage whose construction was commenced 
during 1936 in the United Kingdom. 


* “Some Notes on Plating and Riveting.’ 
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The lines are faired in the loft and a revised table of offsets prepared which, after approval by the 
design office, are used by the ship drawing office in the preparation of plans for submission to the 
Classification Societies and owners and at a later date, in the making of moulds. 


Working drawings are then prepared for issue to the shipyard and the material is ordered. To 
enable work to proceed in the yard as early as possible, the keel plates, flat of bottom plating, framing, 
floors, centre and side girders, tank top and margin plates are ordered first, and early consideration is 
given to large forgings or castings such as the stem, sternframe and rudder, to ensure delivery when 
required. 

For the remainder of the shell plating the model is lined off and a body plan is prepared showing 


the position of the plate landings. A copy of this plan is sent to the mould loft and the plate landings 
are then faired in full size on the floor. 


When the plate landings on the model have been approved, the midship and end thicknesses evenly 
tapered out, the correct width of seams and butts for the particular thicknesses checked, and plates at the 
breaks thickened up as necessary, the side and end shell plating is ordered, The middle body offers no 
difficulty, but at the ends of tbe ship where the plates have “* snye » or curvature, due allowance has to be 
made on the length and breadth for working. Sketch plates or plates with over 6 ins. taper are more 
expensive than rectangular plates, so their numbers are kept to a minimum. 


The material should be ordered in the correct sequence for building, so as to obviate delay in any one 


operation, and as difficulties can more readily be foreseen and mistakes rectified in the drawing office than 


in the shipyard, it is advisable to give great care to the preparation of working plans. 

In this connection practical experience in repair work as well as new construction, is of great 
assistance in the drawing office. For instance, it has been noticed on repair work that drain holes in the 
channel bar bottom longitudinals at the toes of the bracket connections in the transverse bulkheads 
induce fractures ; it is advisable to keep these drain holes about 18 ins. clear of the toes of the brackets 
and also clear of the double riveted lug connections at the transverses. The same point arises in 


connection with the 6 in. drain holes in stringers ; these should be kept clear of the ends of the corner 
brackets. 


Frequently it happens that wash plates ordered to the size shown on the profile and deck plans for 
the fore peak tank are inadequate for their purpose when built into the ship and it is necessary to extend 
them forward one or two frame spaces. The connections of the wash bulkhead to the beams are often 
insuflicient in both the fore and after peaks and stiffeners are not always bracketed, nor do they fay 
properly on the beams. How often on surveys of after peak tanks have wash plates been found at the 
bottom of the tank, due primarily to insufficient attachment. 


Discontinuities at decks, tank margins etc., often require additional compensation ab the ship not 


foreseen by the drawing office. There appears to be a lack of contact somewhere in view of the fact 
that many mistakes recur. 


Layout OF PLATERS' SHED. 


In the shipbuilding yard the lay out of the platers’ shed is of primary importance and should be such 
that material can readily be handled by overhead crane or rail from the stock yard and passed down 
through the shed after progressive stages of working, with the minimum of handling and as expeditiously 
as possible to the shipbuilding berths at the far end of the shed. 

The shed is conveniently divided into separate bays, each served by an overhead crane, where shell 
plating, decks, vasings, frames, beams, etc., are prepared by respective squads. The machines in each bay 
are particularly suited for the class of work turned out and each machine has its own crane or cranes for 
handling the material. As far as possible each bay has its own ready-use stock yard under cover, as 
time is lost in drying and cleaning plates and bars brought in from the open. ‘The platers’ shed has thus 
become a self-contained unit producing about 80 per cent of the steelwork required for a ship and work 
proceeds independently of weather conditions. 


Before the Great War unskilled labour was relatively cheap and a plater had a large number of 
helpers, but since the war owing to the rise in the cost of living, unskilled labour costs little less than 
skilled labour and it pays to instal labour-saving machinery such as one-man punching tables and radial 
drilling machines to eliminate the unskilled worker as far as possible. 
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A typical yard lay-out is shown in Fig. 1. Plates from the stock yard pass through the “mangle” 
and are marked off for punching under the multiple punch. In the bays “A” and “ B,” deck and shell 
plates are punched, holes countersunk as required, edges and butts sheared or planed as necessary and 
scarphs cut. The skin or sunken strakes of shell plating are marked off from templates obtained from 
the mould loft, but the raised strakes are moulded at the ship. At one time the raised and sunken strakes 
were all moulded from templates supplied by the loft and multiple punched. This meant that the vessel 
had to be completely plated before any riveting could take place, thereby throwing a tremendous weight on 
the bolts in the tank side brackets, with risk of partial collapse. 

Punching, shearing, scarphing and planing machines are erected in the respective bays. Bending 
rolls are used for curved plates which can be worked cold, such as bilge shell plates, masts and pillars. 
One-man punching machines are employed extensively, but where it is possible to mark off a number of 
shell or deck plates to one template, the batch is drilled at one operation—it is possible for a machine to 
drill through six one inch plates, one inch diameter holes, in one minute. Drilled holes in shell and 
strength deck plating are “knifed” or “necked” when taper neck pan head rivets are used, otherwise 
straight necked rivets should be used. 

Furnaced plates are dealt with at the head of “@” bay. From a wooden mock-up, obtained from 
the mould loft, of the particular plate to be furnaced, a framework of bars and bent plates 1s built up 
on the slab and securely dogged. Having previously been partially worked cold in the rolls the plate is 
heated in the furnace and is then placed over the framework, dogged down securely and progressively 
bumped into shape by means of an hydraulic hammer suspended from a travelling crane in front of the 
furnaces. The curvature of the plate is finished off by heavy hand-hammers. In this manner boss 
plates, oxter plates, counter plates for stern, rounded plate stems and the like are constructed. 


It is seldom possible to make counter plates in one piece due to size and shape and these may be 
furnaced in two pieces and welded along the middle line. 


At the slipway end of «@” bay, plates are rolled for ventilators, samson posts, masts and pillars. 
Masts are erected and riveted alongside the slips, but samson posts and pillars are generally riveted in 
the platers’ shed. On account of the advance in electric welding less angle iron smith work is now done, 
but mast rings, ventilator coaming and hatch coaming angles and angle rings for pillars are still the 
work of the angle iron smith. In the case of mast and pillar rings these are rough turned to size and 
afterwards cut to suit the tubes and riveted thereto. 


At the head of “D” bay are the furnaces for frame turning, and the scrieve boards are grouped 
round them. Frames are marked off and joggled before turning. With the new British Standard 
Sections the strength is obtained with a thin web and difficulty is experienced in turning these sections 
as the web tends to pucker, necessitating additional work to make them fair. After the frames are 
turned and punched they are checked and regulated at the boards before being cottered up to beam 
knees and tank side brackets, previous to hydraulic riveting at the skids. 


In “ E” bay beams are faired and bent to the requisite curvature by using a round of beam curve 
about 15 feet long. Light work such as casings, tanks, etc., is also carried out in this bay. At the 
slipway end of * E” bay are skids upon which floors, tank margins, frames with beam knees and tank side 
brackets attached, built pillars. girders, ete., are cottered up and hydraulically riveted ready for erection. 
Alongside these skids are welding skids on which relatively large panels of plating and sections such as 
bulkheads and decks can be welded downhand. The skids are raised about 4ft. Gins. above ground 
level—a convenient height for welding overhead. Special screened bays are provided for trainees and for 
welding small jobs. 


MACHINES IN PLATERS’ SHED. 
In the previous section a typical lay-out was given of the machines in the platers’ shed. 


Mains and branch lines for compressed air, electric and hydraulic power are laid throughout the 
shed from the power station for use as may be required. 


The majority of the machines are of standard type and it is proposed to deal with them only in 
general terms, detailed remarks being reserved for such special machines as have come into use during 
recent years. 


Most of the machines are electrically driven, but the slow action machines for joggling sections, 
flanging plates and the like are worked by hydraulic power. The overhead travelling cranes for conveying 
material are electrically driven, but the cranes erected in the shed for supporting the material while being 
worked are generally hydraulically operated. 


Punching and shearing machines, two, three or four sided of various sizes for heavy or light work, 
are positioned about the bays as shown in Fig. 1. A multiple punch for deck and tank top plating is 
situated in “A” bay. It was the practice at one time to multiple punch the shell plating and in this 
process it was possible to give a sideways motion, as well as a fore and aft motion, to enable plates having 
sheer to be punched, but for reasons mentioned under the heading “ Lay Out of Platers’ Shed” the 
multiple punching of shell plating for merchant construction has been discontinued. 


Plate edge planing machines with hydraulic means for fixing the plate quickly to the table are in 
use, and to enable angle bars to be planed on both edges a vee is cut in the table to receive the heel of 
the angle bar. Plates up to 40 ft. in length can be planed with one setting. 


Plate scarphing machines with two tables are now installed permitting a second plate to be set up 
whilst the first is being scarphed. The two saddles may be moyed simultaneously by power along the bed 
in order to bring them into position for scarphing the second plate. 


Radial machines with an extreme radius of 14 ft. are installed for countersinking rivet holes. 


Plate rolls capable of bending plates up to 14 ins. in thickness are in use. The two under-rollers 
are supported at intervals on roller bearings and in addition to the journals at the ends, the top roller is 
also supported at intervals by roller bearings so arranged that either or both ends may be raised or 
lowered. 


For rolling plates to a complete circle as for pillars, samson posts and masts, a special type of plate 
bending roll is used. The top roller is made with a long gudgeon at one end, and with a supporting 
bracket, having a bush adjusted by means of a screw for supporting the roller. The opposite end 
bearing is removable for withdrawing the complete cylinder of plating. Where heayy plates have to be 
rolled or the length of the plates exceeds 11 ft. 8 ins., the heavy bending rolls are used, the circular 
section then comprising two plates which are overlapped and riveted. 

An indispensable machine in the platers’ shed is that used for flanging plates in the cold state. 
Steel plates for this purpose are ordered * flanging quality” to guard against fracturing, but even so, 
special care is needed when flanging plates cold during frosty weather to prevent fracturing. Centre 
punch marks and nicks on the flanging line at the edges are to be avoided, as they tend to start a 
fracture. The plate is held fast in the machine by sliding wedges actuated by an hydraulic ram. The 
bending or flanging of the plate is accomplished by a roller, actuated by two large oscillating cylinders, 
and the roller is adjustable in-and-out for bending light or heavy plates. Recent machines are 
constructed with a wide gap to bend as well as to flange plates, thus dispensing with bending rolls. 


Multiple roller plate straightening machines, referred to as * mangles” are generally installed near 
the plate rack end of the shed. Some have five rollers, three above and two below ; others seven, four 
above and three below. The top rollers are raised and lowered simultaneously by gearing to suit the 
various thicknesses of plate and the outside top rollers have independent raising and lowering gear for 
entering the plate. 

A machine that has a large output and saves considerable time is the notching machine. Before this 
machine was installed, it was necessary to drill or punch holes inside the notch and shear or clip out the 
rag edges, but now the space to accommodate flanges and webs of any section can be notched clean out in 
one operation. The machine has two cutters, a large one for notching the flanges and a small one, 
independently operated at the side of the machine, for notching the webs of the various sections. Some 
machines have an additional shears for cutting circular and segmental bars. 


The one-man punch table, illustrated in Fig. 2, is now being extensively used. ‘Two frames form a 
double table and each is moved longitudinally to the other end by the rotation of the rollers as the 
punching proceeds. The frames themselves are mounted upon other rollers, which permit of a transverse 
movement being given to the whole table. The longitudinal and transverse motions of the plate are 
operated by one man who is seated above the punch where he has the best possible view of the work and 
can put into position the plate with perfect accuracy under the punch. ‘Two hand wheels, conveniently 
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placed, give him control of both movements, and a foot tripping pedal enables him to throw the punch in 
or out of action with minimum effort. The table can readily be fitted to any ordinary type of shipyard 
punching machine and thus fitted the machine can do the work of a squad of seven men. 


Batteries of radial drilling machines are also installed for drilling plates in batches of up to half a 
dozen at a time, the top plate only being marked off. Where possible the ship drawing office arranges 
for the width and length of plates and the disposition of holes to be the same in each, but if only slight 
differences exist, the particular plates are withdrawn from the pile and drilled separately. Drilling 
machines of this type are not economical if not worked to capacity as the time is lost in dealing with 
single plates. Fig. 3 shows one of a battery of drilling machines in service ; in some cases two radial 
arms are worked off one pedestal and one man looks after both drills. So far the machines described have 
been for use with plating only ; those dealing with sections are equally important. 


**Lambie’s ” Patent Combined Hydraulic Angle, Bulb Angle, Channel and Plate Joggling Machine 
is used for joggling frames and beams, and can be adapted for flanging plates, bevelling angles or 
punching manholes, 


The hydraulic beam-bending and horizontal punching machine is capable of bending or straightening 
the heaviest section of deck beams, frames, &c. An hydraulic ram actuates the bending block and 
the stroke is controlled by the ram coming hard up toa shoulder. The bending block is adjustable by 
handwheel and screw to suit the depth of the beam and the amount of bend required. This machine is 
used for cambering beams after joggling and punching operations. 


Machines for shearing plain and bulb angles, channels and zed bars effect a very great saving in 
time over the method of cutting them by hand or by cold-iron sawing machine. These machines are 
generally operated hydraulically and can be made to swivel on a roller path for cutting at an angle. The 
bar can also be put through the machine for cutting the opposite end, instead of turning it end for end, 
which, in the case of very long bars, is an unwieldy operation. All these machines may be adapted for 
special jobs. As in the case of the 3 in. lightening holes in the channel bar longitudinals for tankers, or 
the 6 in. drain holes in floors and horizontal girders, punching and shearing machines having a third 
punch at right angles to the other two are often used for the purpose of punching these special holes. 


At the riveting skids, portable hydraulic ‘ Lever” riveting machines are in use ; they finish the 
rivets off with snap heads and points under a pressure of from 20 to 40 tons on the rivet head, 
depending on the size of the rivets to be closed, 


So far as electric welding in the shipyard and platers’ shed is concerned both D.C. and A.C. multi- 
are welding equipments are installed. "The D.C. equipment consists of semi-transportable motor- 
generator sets, with the negative leads connected to the steelwork of the vessel under construction and 
the positive leads fed into distribution boxes from which the welding operators are supplied. 

Each operator is provided with a separate resistance regulator fitted with a step switch, which 
enables him to control his welding current output. This resistance also absorbs the difference in Voltage 
between the striking and are voltages. These resistance regulators are portable and are placed close at 
hand to the welder to enable him to control his welding current without undue trouble. All the 
connecting cables between the ship and shore, the distribution boxes, regulators and the welder are of the 
trailing type. The distribution boxes are placed on board the ships in order to reduce the length of the 
smaller section cables and thus minimise the voltage drop. 


Although the multi-operator sets are rated for a maximum of twenty-five welders, it has been found 
practicable to work as many as thirty-six off each set, due to the low load-factor of this type of load 
Which is of an intermittent nature. 


The overall efficiency of a D.C. multi-operator equipment is low owing to the greater portion of the 
energy delivered by the generator being dissipated in the form of heat in the resistance regulators, 

Multi-operated A.C, equipments comprising specially designed welding transformers are also installed, 
operating from the 3-phase 440 volt, 50 cycle supply. The neutral of the secondary winding of the 
transformers is earthed to the ship and the operators are supplied between each phase and the neutral- 
earth. Each phase is led by means of trailing cables to a plug and socket distribution board from which 
the supply to the welders is obtained. The welding current is controlled by each operator by means of an 
oil-immersed regulator with tappings. 
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For tacking purposes a smaller type of regulator is employed. A special type of electrode holder is 
used with a portable end to minimise shocks and to prevent fusing the plating when put down. 

Electric welding equipment is usually designed for out-door use and smaller equipments both D.C. 
and A.C. can be utilised about the shipyard to reach work not within the range of the multi-arc sets. 
Flux covered electrodes only are used for D.C. or A.C. welding. 

At the welding skids where decks and bulkheads are fabricated an automatic arc welding equipment 
can be used with advantage. 

Referring to Fig. 4, the machine consists essentially of a trunk panel, the trunk being propelled 
along as welding progresses. The coiled, covered electrode is led from the drum (g) through rollers (d) 
to a cutter (b) which cuts a small slot in the flux of the electrode as it passes downwards, thus enabling 
the welding current to be fed through brushes (k). It will be seen from the illustration that the main 
welding cable is connected to this brushgear. The electrode is fed by means of the motor (h) driving the 
rollers through a gear box (e), the feed speed being controlled by gear changes and also by the shunt 
regulation of the motor. This motor drives the gears through a cone-type friction clutch operated by 
means of a relay across the welding arc and thus once the machine is set it continues to weld automatically. 

When it becomes necessary to make a wider pass or weaving weld the small motor (f) is started up, 
thus oscillating the brushgear of the head by means of a crank arrangement, various amplitudes of 
oscillation being adjusted by means of a slot arrangement on the crank. Once the are is set, the driving 
motor of the track is put into motion and the whole equipment proceeds along the deck or bulkhead, being 
guided in the slot to be welded by means of the guide wheel (a). The welding current is supplied from a 
transformer remote from the actual welding head, and the auxiliary motors are driven from an independent 
D.C. supply, the leads for which are shewn at (1). 

In practice, the transformer and auxiliary relay panel are placed somewhere near the middle of the seam to 
be welded, thus making it possible for the welder to weld the complete length of the seam, using only half 
the length of cable required if the transformer and relay panel were placed at either end of the seam. 

The actual welding head can be tipped to an angle of 45 degrees by means of the wheel shown at 
the bottom left-hand corner of the control panel, thus making it possible to weld fillet joints and lap 
joints on the plate. The cutter motor (c) drives the cutter which makes the slot in the flux and also a 
small exhaust fan which exhausts the flux dust from the cutter in any desired direction by means of a 
piece of tube bent in the direction required. The machines at present in use are not adapted for all- 
weather service and are, in consequence, used in the platers’ shed. 


Movxp Lort. 


This important department effects the liason between the design and ship drawing offices. From 
the small scale drawing prepared in the design office the lines are drawn out full size on the floor and 
from the information supplied by the loft, the ship drawing office is enabled to draw plans and order 
the necessary material. 


A table of offsets from a } in. to one foot lines plan is supplied by the design office to the mould 
loft. These offsets are given at every fourth frame at the ends of the vessel and every tenth frame 
amidships, at waterlines one foot, two feet, four feet and at every other four feet above the base line. 
Offsets for bow and buttock lines are also given and the deck at side line for two decks, i.e., upper and 
second, upper and shelter or upper and poop, bridge and forecastle, if only one deck is fitted. The frame 
spacing all through the vessel is tabulated. An outline of the stem, stern, midship section (giving rise 
of floor and tumble home, if any), camber of decks and deck heights, waterline and deck endings at bow 
and stern are included on the table. Having the deck heights and camber, the first thing done is to fair 
in the deck at centre and side so that the camber is constant all fore and aft. 

The scrieve board is then prepared and the base line, centre line and midship section drawn in. To 
save space the fore body and the after body are superimposed top to bottom on the same boards. Where 
it is desired to expedite bending the frames, the two half bodies are scrieved in on the boards enabling 
the frames to be checked after bending in both bodies at the same time. The faired deck lines are put 
in on the body and the offsets from the table are marked in on the waterlines and bow and buttock lines 
and the sections drawn in. Diagonals are struck in on the body plan and these are faired first, after 
which the waterlines are faired, making sure the crossings of the diagonals and waterlines are adhered to, 
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If in fairing waterlines it is not possible to pass this diagonal crossing and maintain fair lines, the 
diagonal and sections must be adjusted until all agree. After diagonals and waterlines are faired, 
buttocks or bowlines follow and now all ribbands and waterline crossings must be taken into account and 
lines adjusted as found necessary. After all the “fairing sections” are faired, a complete set of corrected 
offsets 1s sent to the design office. Variations from 4 in. to 3 ins. may be obtained as compared with 
the original offsets as lifted from the } in. scale lines. 


From the faired offsets, the displacement and centre of buoyancy are worked out by the design 
office and it can be seen whether the lines want fining or filling out. If satisfactory the offsets for all 
frames in the ship are lifted from the floor and the frames are scrieved in, a copy of the faired offsets 
being supplied to the drawing office for all frames. 


At the same time as the table of offsets is sent to the loft a copy is sent to the model maker, who 
prepares a } in. to 1 ft. half block model for lining off the shell plate landings and butts. When the 
model has been lined off and approved, a body plan is prepared showing the positions of the plate 
landings and this is sent to the mould loft from the drawing office. Heights on buttocks are given to 
plate landings at ends, but amidships the widths of plates are girthed round the midship frame. 


The above information is spotted in on the scrieve board and faired, and a book is prepared giving 
the widths of strakes for use in the drawing office in ordering shell plating. In fairing, the “*midship 
width ” is maintained as far forward and aft as possible consistent with fair lines. This ensures an area 
of parallel plating amidships following the “deck at side” sheer line. 


The boards can now be completed by the addition of tank margin line and tank top, bossing for 
single screw or outbossing for twin screws, remainder of decks, stringers, intercostals, longitudinals, &c. 


On completion, the serieve boards are transported alongside the slabs in the platers’ shed so that a 
start can be made with the actual construction of the vessel. 


The flat plate keel and centre girder are prepared by the plater from battens showing holes in seams, 
frame holes, connections to centre girder and butts, &c., lengths being obtained by steel tapes wherever 
possible. The garboard plates are developed in the loft, the same batten being used for the garboard 
seam as for the keel seam, so that the plates fay accurately. 


A floor mould is prepared from centre girder to tank margin and a special mould is made for end 
floors or where there is a change of height. The frames and reverse frames on floors are joggled, then 
turned from the serieve board : they have the holes in the standing flanges transferred from the floor 
mould, and in the shell and tank top flanges from templates obtained from the mould loft. A level line 
is struck in on the floors for use when erecting on the slipway. A Ing template is made for floor 
connections to margin plate, reverse frame, intercostal connections and stiffeners on ordinary floors. 
Templates are made for all connections tc tank top, tunnel, engine seating, &c. Moulds are also made 
for the tank side brackets and connections to the tank margin, but this system is only used where there 
are a number of brackets alike. All the tank top plating and margin plates are prepared from battens 
supplied by the loft, the margin having to be developed on the mould loft. floor. 


A beam camber mould about 15 ft. is prepared and this is applied to the bosom of the bar for 
cambering. A swivel mould and bevel board are also made for beam knees, and when moulded, these 
together with the tank side brackets are riveted to the frames at the skids. Full size holes are now 
punched in the beam ends and knees; previously only tack holes were punched in the beam ends. When 
frames, beams, &c., are being joggled the moulded line is almost invariably the inside of the inside 
strakes. Only in exceptional circumstances is a departure made from this rule. A bevelling board 
giving the frame bevels 4 ft. apart from centre line to margin and from the margin up to the uppermost 
deck is supplied to the frame turners. 


All information for pillars and girders, batch coamings and beams is provided by the mould loft. 
Template for brackets at ends of girders and pillar head plates are made full size and the spacing in 
continuous bars below beams, intercostal connections to deck, tripping brackets, ete., is obtained from 
battens. Lengths of pillars are supplied on a batten and also the line of sheer and round of beam 
bevels. Main transverse and O.F. bunker bulkheads, engine seats and auxiliary seats are all made from 
templates. 
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If decks are to be multiple punched the beam squad is provided with a multiple batten for the full 
half girth of the deck amidships with all the strakes marked and holes bored and in addition a half length 
batten is supplied for the length of beams. The length of each beam having been obtained from the half 
length batten, the “last hole” is marked from the * tail-end” batten and then the remainder of the holes 
are marked from the “multiple batten.” Battens and moulds are also made for minor bulkheads, deck 
houses, bridge front and end, poop front, forecastle end, bulwarks, etc. 


As regards the side plating, two strakes (generally the first and third below sheerstrake) of side 
plating are expanded from stem to stern on the loft floor, and these are used as fairing strakes when the 
vessel is in frame. Frame battens are supplied to the shell and frame squads to ensure that the holes in 
the frames in way of the expanded strakes shall be dead fair. The object of maintaining the parallel 
widths of shell plating amidships, so far as possible, is to reduce the number of battens necessary to supply 
the platers with the information to punch the frames and shell plating. 

A gunwale ribband is supplied to the shipwright giving the correct frame spacing. When all the 
frames are faired the tank side brackets are riveted to the margin connections. The beams are adjusted 
to a fair line struck in on the frames by the loftsman and it is seldom necessary with template work to 
rimer excessively the holes in the beam knees before riveting, 

The stem bar after drilling is erected, the frame stations are cut in on the bar from a template made 
from the loft floor to facilitate positioning at the ship. 

When the keel is laid, the after coffin plate is left long. The frame spacing is marked on the stern 
frame and a mould made which has a duplicate of the holes already drilled in the frame in relation to this 
spacing marked on itand from this mould ta’ holes are drilled in the keel plate, thus ensuring that the 
stern frame is in the correct possition ; the surplus plate which has been left on the keel is then cut off. 
The stern frame is bolted by means of the tack holes to the keel plate and shored plumb and the remaining 
holes drilled using the sternframe as template. 


The remainder of the shell plating which has not been developed in the mould loft is now * lined off ” 
on the frames by the loft and lifted by the platers. 

In tanker work the same procedure is followed as in an ordinary cargo vessel. All steelwork in the 
construction of the hull, except some of the shell plating, is produced from templates supplied by the 
loft. It is safe to say that more template work is required from the loft for a tanker than for an 
ordinary merchant vessel of the same dimensions. 

The draught marks are checked by sighting the bottom, finding the lowest point and using a sight 
line parallel to the keel as base, and setting the marks above this line. When obtaining the moulded 
depth, measurements are taken port and starboard amidships and halved, consequently it is quite possible 
for the maximum summer draught amidships (as taken from the draught marks) and the draught 
obtained from the centre of the disc corresponding to an assigned summer freeboard, not quite to 
coincide. It would appear that the more correct method of fixing draught marks would be to sight the 
keel in drydock on completion, just prior to the trials. 

Until recently it was customary to use a long straight edge, a spirit level and a steel tape to take 
measurements and to mark in various levels on bulkheads in the engine room for datum purposes. 
Climatic conditions, however, often affect the wooden straight edges and they require to be checked at 
frequent intervals, but, by using a theodolite, measurements and levels are obtained in a very short space 
of time with absolute accuracy. Tank tops that are straight across can be checked for alignment before 
the framing and bulkheads are erected, by sighting on a staff held in various positions on the tank top, 
due allowance being made for raised and sunken strakes of plating, 

If there are any important discrepancies the bottom can be shored up as required before too much 
weight is taken by the supports. The theodolite is also used for sighting keel blocks to the correct 
declivity. 


PLATERS. 


The plating department is one of the most important in the shipyard and a very close understanding 
exists between it and the ship drawing office, which enables plans to be prepared, material ordered and 
delivered in sequence and without hindrance to the progress of work. 
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Now that up-to-date slipways are fitted with tower cranes apable of taking loads of 10 tons, 
shipbuilding is just giant “ Meccano.” 

One method of procedure adopted when vessels are built on the transverse system is to erect the flat 
plate keel, centre girder or twin girders for duct keel and the garboard plates on the blocks and rivet 
them by means of hydraulic or pneumatic riveting machines. The floors, which are fabricated and 
riveted on the skids in the platers’ shed, are hoisted into position and ribbanded and the margin plates 
complete with margin angles and connections to floors and tank side brackets which have been dealt with 
similarly, are next erected. The intercostal girders which are often made a tight fit between the floors, 
but not necessarily so, are next bolted into position. The tank top plating which has been prepared in 
the shed from information supplied from the mould loft is then laid and regulated, after which it is 
riveted and caulked, leaving only the wing sketch plates at the ends to be moulded at the ship. The 
regulating of the tank top plating requires to be carefully carried out and unless the floor positions and the 
designed breadths given on a staff obtained from the loft are strictly adhered to by the shipwright, trouble 
will be experienced due to want of alignment of holes in the various parts of the double bottom structure. 


In some vessels the floors, tank ends, centre girder, intercostals, margin plates, tank top and lower 
portions of bulkheads in way of the boiler room are galvanized. The floors, centre girder and margin 
plates are fabricated and riveted complete beforehand. This method of galvanizing after assembly is 
different from that adopted by the Admiralty, where each part is worked separately, galvanized and 
afterwards riveted. Consequently, all faying ‘surfaces are galvanized and only the rivets, which are 
readily renewable, are left black, whereas with the method outlined the faying surfaces are not galvanized 
and there is always a risk of rust drawing. In vessels where the floors are too large to enable the 
galvanizing to be done in one immersion, a certain amount of distortion takes place. 


This is rectified when the floors, tank ends and margin plates are bolted to the tank top and bottom 
shell plating intercostals, &c., but it is sometimes necessary to stiffen the floors additionally in way of the 
lightening holes due to buckling caused by the galvanizing. It might be mentioned that ventilator 
coamings are now usually riveted, caulked and galvanized before being secured to the deck plating. Also 
cowl heads to ventilators, vent trunks, guard rail and awning stanchions, hand rails round exposed 
houses, gooseneck ventilators, air pipes, iron ladders, &c., are similarly treated to prevent corrosion. 
Wrought iron deck pipes on tankers and all wrought iron pipes and their tank top connections in boiler 
rooms are usually galvanized. 


Frames complete with beam knees and tank side brackets which are riveted hydraulically in the 
shed are next erected. Where only the number of rivets and size of beam knee brackets is approved, it 
sometimes happens that the spacing of the rivets is wide; to prevent rust drawing it would be safer to 
specify the diameter and spacing. ‘ 

Bulkheads fabricated on skids at the head of the slip are riveted and caulked and left adrift in 
pieces large enough for the tower cranes to lift into position at the ship. 


Next the beams, half beams and deck girders all prepared in the shed, are hoisted into position and 
shored as necessary. Generally the skin strakes (Ist and 3rd below sheerstrake) which are drilled or 
punched in the shed, from information obtained from the mould loft, are erected from stem to stern and 
used as ribbands for the frames. The bulkheads which are horned and plumbed and correctly secured in 
position, fix the positions of the frames and beams. 


Wood ribbands with the frame stations marked on them are used for fairing the frames above the 
turn of the bilge. The deck plating which may be multiple punched is prepared in the shed from 
particulars supplied from the loft and laid on the various tiers of beams. To ensure correct alignment 
fore and aft, the centre line of each hatch is plumbed down on the centre line of the tank top. 
Superstructure decks are erected in like manner. Generally the strakes of shell plating other than the 
fairing strakes are moulded from the ship and erected. The plates at the turn of bilge are usually left to 
be moulded last. 

When vessels such as oil tankers are built on the longitudinal system of construction the method of 
procedure is somewhat different. The flat plate keel and flat of bottom piating are prepared in a similar 
manner as for a transversely framed vessel, but the whole of the flat of bottom is laid at once. In oil 
tankers with three tanks abreast the longitudinal bulkheads are continuous and the transverse bulkheads 
intercostal, comprising a centre division and two wings. 
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In tankers with a centre line bulkhead only, a cruciform structure used to be erected first and from 
this the transverse and longitudinal bulkheads were built, but with three tanks abreast there is no similar 
arrangement. To facilitate construction and erection the transverse bulkheads in the three sections as 
detailed above are fabricated on skids, welded as necessary, riveted and caulked before erection. The 
longitudinal bulkheads are dealt with similarly, except that in one system of construction a small 
longitudinal portion about three feet in length and the full depth of the tanks is erected separately in way 
of the transverse bulkheads, thus forming a pitching spot each side of the transverse bulkheads to which 
are attached the intermediate portions of the longitudinal bulkheads.. Except for the bottom strake the 
longitudinal bulkheads are plated vertically. In another system this short length of longitudinal bulkhead 
it dispensed with, a plate of normal width being used, but in no case is the cruciform structure, 
previously mentioned, adopted. ‘ 


After the bottom plating has been spread on blocks, the erection of the centre tank transverse 
bulkheads is commenced generally at the after cofferdam and worked forward. All the bottom 
longitudinals, usually channel bars from 15 ins. to 17 ins. in depth, which have the end brackets riveted 
to them at the skids, are bolted in position to the T bar connections on the plain side of the transverse 
bulkheads and to the stiffeners on the other side, as each compartment is formed. The centre girder, 
transverses, centre line webs and wash bulkheads at the centre line under the deck are also erected and 
regulated between each pair of transverse bulkheads, which help to plumb and horn the vessel. 


As the transverse bulkheads for the centre tanks together with the internal structure are erected 
right forward to the forward cofferdam, the longitudinal bulkheads port and starboard are also being 
erected from aft, thus forming rectangular boxes which are carefully checked for lengths and regulated 
before riveting together. Parallel liners taking two rivets are sometimes fitted in lieu of tapered liners 
at bulkheads at the plate landings. 


As previously mentioned the bracket connections from the bottom longitudinals to the transverse 
bulkheads are riveted at the skids and as it is the rivets in the four top holes in the brackets and 
bulkhead stiffeners or connections on the plain side of the bulkheads that give trouble due to bad align- 
ment, the brackets are left blank and the holes drilled in them from the stiffeners or connections after 
regulation. This will make certain that the four rivets upon which the maximum stress takes place, are 
all sound. Also for the same reason in regulating the bracket connections from the stringers, bolts are 
placed in the end rivet holes to ensure that they are fair. 


To make sure that the internal structure, which comprises horizontal girders and corner 
brackets, when erected, will be alignable as regards rivet holes to the connections on the bulkheads, 
special precautions are taken. It is interesting to note that in recent tanker construction double angle 
connections have been dispensed with and 64 ins. x 64 ins. x °55 in. Tee bars substituted. 


This is an excellent section for making oiltight, the only disadvantage being that the rivets in the 
bracket connections are in single instead of double shear, but an increase in the size of the connections 
will overcome this disability. The Tee bars to which the horizontal girders are connected are bolted in 
position on the bulkhead ready for riveting ; the correct position is obtained from a plate jig which fits 
over the vertical stiffeners, and has holes in it which are obtained from the loft, and give the spacing of 
the holes in the horizontal girder and in the overlaps of the corner brackets. 


At the ends of the vessel overlaps are left blank on the corner brackets of the horizontal girders and 
are drilled in place when the internal structure is faired. As the Tee bars are intercostal between the 
vertical stiffeners and are also cut at vertical seams to prevent three-ply rivets, it would be quite easy to 
bolt them up incorrectly for hydraulic riveting, unless fixed in position by the jig. 


Fig. 5 shows a typical piece of longitudinal bulkhead and the method employed for positioning the 
Tee bars. It will be noted that the ends of the Tee bars are welded, the ends being securely bolted and 
the welding carried out before riveting. Transverses are also kept fair when riveting on the skids by 
means of a punched hole in the bracket and transverse as at “A” and “B” in Fig. 6, which are a fixed 
distance apart and this distance is checked before the bracket and transverse are finally screwed together. 
Also to ensure the alignment of holes in the vertical connection of the transverse to the Tee bars on the 
longitudinal bulkheads, a jig is used to correct any vertical discrepancy where the bracket is joggled over 
the bottom transverse as “CD.” 
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Mistakes have occurred owing to the sections rolled being not up to standard, so generally speaking 
it is better to work from the heel of the bar, as the heel will be the faying surface. On bottom and deck 
transverses the lugs to the bottom longitudinals and deck beams are usually riveted at the skids, but it 
is found when fairing the bottom longitudinals and beams with bottom shell plating and deck that the 
standing flanges of these Ings do not fay, consequently it is necessary to cut them off, rimer out the holes 
and re-rivet. To obviate this course only one rivet at the end of the lugs remote from the faying surface 
on the bottom and deck longitudinals is put in, thus securing the bars in position, and the necessary 
adjustment can then be made at the ship to ensure a good surface fit without liners. 


When the centre tanks are complete as regards transyerses, webs, centre line wash bulkhead at deck 
and supporting pillars, the longitudinals to deck are erected. Before the deck plating over the centre 
tanks is laid ne the longitudinal bulkheads and internal work riveted, it is very essential that the lengths 
of the compartments should be checked, because once the bulkheads and internal structure are riveted, 
no adjustment can be made when the deck plating (which is moulded from battens supplied by the mould 
loft) we laid. ~ If the holes are out of alignment fore and aft it is necessary to renew the boundary bars of 
bulkheads. 


In some cases after regulating, the deck will be found short or long, which can easily be discerned 
at the overlaps. In the three tanks abreast type of tanker the bottom and deck are framed longitudinally 
in way of cargo tanks and transversely framed at the sides. At the end of the vessel in way of peaks, 
deep tank forward and engine room aft, the transverse system of framing is adopted. 


Consequently, as soon as the centre tanks are constructed, there are erected the wing bulkheads and 
intermediate side frames with deep brackets at the turn of bilge, which are connected by bars to the 
outboard bottom longitudinals ; the first and third strakes of side plating below sheerstrake, port and 
starboard, are put in place and in conjunction with a ribband just below the deck at side and at turn of 
bilge, help to fair the framing in a manner similar to that adopted with the transverse system. The 
deck stringers, stringer angle and deck plating which are moulded from loft battens, are then laid, 
regulated and riveted leaving one complete strake of deck plating to be moulded from the ship in way of 
the longitudinal bulkheads port and starboard. 


This is a wise precaution because, although the wing bulkheads are intended to be in line with the 
centre portion of the transverse bulkheads between the longitudinal bulkheads and square to the 
longitudinal bulkheads, it does not always work out in practice, as there is a tendency to run aft a bit at 
the ship’s sides, Consequently, if the closing strakes of deck plating have been expanded with the rest 
of the deck plating, there will be a number of plates to renew, or at best, blind holes to weld up or the 
renewal of top boundary bars of bulkheads. 


Also it is a difficult matter to maintain the correct beam because the weight of the wing bulkheads 
has a tendency to pull the longitudinal bulkhead and also the Tee bar connection to the centre division 
bulkhead apart, and unless the bolting up prior to riveting is effective, the holes in the tee bars and wing 
and centre tank bulkheads tend to become partially blind through the longitudinal bulkheads bowing. 


This can be obviated on erection by the use of pegs of a diameter the full size of the holes, 
followed up by full size bolts at frequent intervals, until faired for riveting. If bolts of smaller diameter 
are used and perfect alignment is not obtained between the bulkhead plating and the Tee bars, the holes 
will/ require to be rimered out a size larger and re-countersunk before riveting, which should not be 
necessary if care be taken in erection and fairing. Few smithed corner shoes are now fitted, the method 
in{usefis to’cut, vee and weld the bars as shown under “ Welders.” 


It is a great advantage to deal with the welding of the boundary bars of wing and centre transverse 
bulkheads to longitudinal bulkheads downhand before the closing strakes of deck plating are fitted. 
Owners sometimes specify that in three-ply work, the hole in the middle thickness of plating is to be 
punched 4/5 in. less in diameter and rimered out, so as to make sure the conical neck in the hole from the 
punch is got rid of. 


This is all to the good if the holes are concentric, but if they are eccentric an egg-shaped hole is the 
result on rimering. The same thing applies to the connections of the ends of the centre girder to the 
transverse bulkheads; these are often specified to be punched a small size and rimered out, but if the 


holes overlap, the rimer will only follow the space between the overlap of the holes and it will mean 
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more than a size larger to make the holes fair. It would be preferable to punch tack holes at the ends 
of the plate and drill through from the angle side, which would ensure alignment and save the operation 
of opening out the holes. 


In some cases it is an owner’s requirement that the strake of plating at the turn of the bilge shell be 
“in-an-out” with the top edge out. With heavy bulb angle frames it is somewhat difficult to get the joggle 
deep enough to take the plate thickness and yet allow the bilge plate to fay against the frame. Consequently 
it will frequently be necessary to fit tapered liners taking two holes at the upper part of the bilge plate. 


With an “in-an-out” plate it is more difficult to obtain the girth correctly than with an outside 
plate, but screwing up the plate from the centre usually enables any small adjustments to be made in the 
seams. Although no difficulty should be experienced with the plating at the turn of the bilge in the 
parallel middle body, it is not easy for the frame turners to take into account the slight differences that 
occur just past the middle body and in consequence bilge liners may have to be fitted. 


It is sometimes a requirement that no liners be fitted at the turn of the bilge under any circumstances, 
but a liner is preferable to closing the toe of the frame and hammering the shell plating at the heel, 
provided the liners are the full width of the flange of the frame and not the razor edge variety which catch 
only half of the frame holes. 


If the joggle of the B.A. frames is lazy the plating will not fay properly and will expose the rivet 
shank. Also, if care is not taken with the flange when turning and it is not properly dressed up, the faying 
surface will be all humps and hollows which will permit of rust drawing taking place more readily. — It 
is sometimes advisable to fit ribbands where the bilge leaves the middle body and fair the flanges to the 
proper bevels. 

If frame joggles are not carefully put in so that they are in a fair line as regards the plate edges, 
there are long unsupported parts of the joggle without a liner. Also there might be the added risk of the 
frame hole being partly on and off the joggle, which would leave the shank of the rivet exposed and cause 
possible shell leakage. Generally at the ends of the vessel the frames are not joggled on account of the 
varying widths of platings and excessive bevel. Where frames are bevelled at the ends of the vessel it is 
difficult to prevent the shell flanges from being hollow, due to the fact that it is impossible to bend the 
root. This is obviated somewhat by chipping the bearing surface at the root. Frames with shut bevels 
are difficult to rivet and should be avoided if possible. In some cases the frames are joggled too deeply or 
the proper tapering at the ends of the shell from amidships has not been carefully noted, which will make 
it impossible to close the heel of the frame and the seam of plating. If the frames are not joggled deep 
enough it will be necessary to fit tapered liners taking two rivets to pack them out. ; 


At the ends of tankers the Tee bar connections of the side stringers to the shell plating require to be 
specially examined for sharp sheared ends as there is a tendency for these ends to cut into the shell 
plating when bolted up for riveting, which might easily start panting cracks. This applies generally to 
all connections to the shell at the ends of a vessel. 

At the fore and after ends in tankers it is necessary to bevel the flange of the Tee bar connections to 
side stringers. ‘This bevelling makes it difficult to apply the battens with the hole spacings and often 
these do not come in line with the holes in the stringer plate. It is an advantage to mark off the holes in 
the flange from the side stringer in the ship and punch afterwards. 


One of the greatest bugbears in shipbuilding is the rag left on holes after a plate or bar has been 
punched as it prevents work being properly closed. Incidentally it shows that the punches and dies 
require attention. A similar difficulty is experienced with drilled work and if the plates are not rolled 
flat before drilling, it will be found that when drilling a number of plates at the same time using the top 
plate as template, a definite shoulder will be formed by the drill in the space between the plates. Also, 
if there is any side motion in the drill due to a slackness at the head, holes far from circular will be the 
result. Although the fitting of square shoulder scarphs is not compulsory, whenever possible arrangements 
should be made for them to be fitted on shell or deck plating in way of seams and overlapped butts. 
They are more difficult to fit and cost more at the machine and the ship, but make a much better finish 
and are less liable to leakage than the ordinary open type. Cases have occured, specially in oil tankers, 
where due to caulking, the material at the bottom of the open scarph has been cut right through by the 
caulking tool and heavy leakage has taken place. 
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At the ends of the vessel where the seams of plating fay on to the stem and sternframe, the spacing 
between the rivets in the stem and sternframe and the first rivets in the seam of plating, is generally 
wide, so here it is preferable to put in a run of welding, rather than tap rivets which have no draw, and 
which tend to work out if not welded over. ' 


With regard to the plating at the stem, all the strakes are carried forward to the stem bar and when 
See ne aha = : 
a damage occurs it is necessary to renew long lengths of plating if the owner insists that. the vessel is to 
be repaired as original. 
It will facilitate repairs if one plate at the stem bar is vertical and the other strakes of plating 
end on it. 


With stems having a large rake and bows (of Maierform type) which are in vogue at the present 
time, this will not apply to the same extent. 


Where the frames are cut at the shell plating in way of hawse pipes, care should be taken to see 
that the thrust from the anchors as they enter the pipes is not taken Wholly on the cast-iron lips, but is 
transmitted through the compensation stiffening to the framing and deck beams. Also as the deck 
flanges are bolted down separately to the deck, the top of hawse pipes being flush with the deck it is 
advisable to see that the down thrust through the pipes is transmitted to the structure by means of 
pillars or a bulkhead. Where the deck beams are cut for the hawse pipes, the fore and afters should be 
arranged with broad flanges to take the bolts in the deck flanges of the hawse pipes. 


It is quite possible that many fractured oxter plates are brought about through bad design due to 
the difficulty of making the plating conform to sharp knuckles on the sternframe and much curvature 
round the stern, to which in some cases it is very inadequately secured. Hence, recent practice in single 
screw vessels is to fit a tuck plate of increased thickness above the arch of the sternframe, and this plate 
is connected by a double riveted seam to the oxter plate which has been smithed to the curvature of the 
stern, but without the additional knuckle at the bottom, as shown in Fig. 7. 


As the shell and deck plating are prepared by different squads the holes in the shell and deck in way 
of shell chocks often come opposite to one another, and the pan heads of the rivets through the shell 
interfere with those through the deck. By arrangement between the squads the holes can be lined off 
clear of one another and thus ensure a good riveted connection. 


With multiple punched decks it often happens that bulkheads and casings come on a beam already 
punched ordinary multiple spacing, consequently all that is done is to put in additional holes to make the 
spacing even, which is a much closer spacing than would be required for W.T. work. 


As the beams are generally joggled, this means that the additional holes put in between the seam 
hole and the next, clear of the joggle for ordinary beams, will come in way of the joggle and render it 
difficult to make tight as the shank of the rivet is exposed. 


At present, opinion is divided on the question of the spacing of holes in the butts of upper deck 
stringer and deck plates where they cross seams. Some builders carry the seam spacing of rivets in way 
of the butt overlaps, whilst others carry the butt spacing the full width of the plate and fill in the space 
each side of the overlap with rivets at normal seam spacing. The former method allows the number of 
battens supplied by the mould loft to the plater to be reduced, thus expediting the work and at the same 
time eliminating the chance of error, especially if the frame spacing varies. A very good argument in 
favour of its adoption is that in multiple punch work the spacing in the butt and seam are the same. 


In vessels with duct keels some owners specify that the capping blocks to keel blocks on the slipway 
are to be arranged to come under the duct keels to ensure that no distortion takes place in the flat plate 
keel. 


When docking vessels with duct keels, care should be taken to ensure that the capping blocks are 
wide enough to take the two girders, as cases have come under notice where buckles of up to 2 in. have 
been found in the flat plate keel. This may account for the leakage into the duct keel space from the 
surrounding double bottom tanks containing oil fuel, due to the straining of the toes of the foundation 
bars to the duct keel plates. In any case, to cause such a deflection in the keel, the plating appears to 
be stressed unduly. 
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To prevent any distortion of the keel plates the capping blocks must be wide enough to take the 
twin girders and hollowed between them to prevent straining when the weight comes on the blocks. It 
1s sometimes specified that the corners of the duct keels are to be reinforced by brackets as shown in 


Fig. 8 ; these act as diaphragm plates and prevent distortion transversely. In the author’s opinion, the 
bottom brackets are essential when fitting duct keels. 


Dr. Montgomerie in his paper entitled “Notes on Motor Engine Seatings” (North Hast Coast 
Institution of Engineers and Shipbuilders in 1931) gave illustrations and discussed defects in various 
types of built seatings. These seatings were usually of the shallow box type of construction on top of 
the ordinary tank top and were often inaccessible for satisfactory riveting. Experience seems to 
suggest that the very best workmanship gives out in time under the pounding received from the 


modern oil engine, but eveything possible should be done to facilitate and ensure perfect holes and good 
riveting. 


With built up seatings, the top bars taking the holding down bolts are the first to go, and the rivets 
are found slack at the ends. It will be an advantage if the pitch of the rivets is reduced to 34 from 
4 diams, the size of the holes made 1/82 ins. larger only, and either size rimered or drilled off the bar. 
Welding the bars at the ends before riveting will supplement the strength of the structure. 


The present day method is to incorporate oil engine seatings in with the double bottom structure, the 
tank top plating being increased in thickness and the top bars on the side girders increased in width to 
take the holding down bolts. With this method the side girders are made continuous and the floors 


intercostal. As far as possible all the riveting in the floors and girders in way of the oil engine seatings 
is hydraulic. 


The plating of the floors and girders is left proud and chipped flush in an endeavour to transmit the 
load direct through the plating and not through the rivets. As the holding down bolts pass through the 
heavy tank top plating and the wide flange of the top bars of the side girders, care is taken with the 
spacing of the rivets to ensure that as far as possible they will clear the holding down bolts, as leaky rivets 
in way of the bolts are very difficult to make tight. 


In earlier designs leakage took place from the heel of the bars at the top of the side girders due to 
the caulking starting. The pull of the holding down bolts caused the heel to lift as shown in Fig. (9a). 
This has been overcome in recent designs by fitting an additional bar inside the oil tanks, as shown in 
Fig. (9b). The rivets in this bar are countersunk head and point and both toes of the bar are caulked. 
In some designs the holding down bolts are arranged to come in a cofferdam all round the engine, thus 
preventing leakage from adjacent oil fuel tanks, but in others the tanks are the full width of the engine 
room and the cofferdams are at each end. 


With reciprocating engines the holding down bolts through the tank top do not always come in the 
reverse frames clear of rivets, or in the centre of the flange so that a full nut can be fitted. Cases are not 
unknown where the pan head rivets through the tank top and reverse frame have been partially cut away 
to house the nut, and in consequence, leakage has taken place. In all cases the positions of the holding 
down bolts shonld be marked off on the tank top and any rivets that would foul the bolts or prevent the 
nuts from being fitted to them should be flushed and caulked, so as to prevent leakage. Where holding 
down bolts come in the throat of the reverse bars so that it is not possible to fit a nut, special precautions 
such as caulking or welding, should be taken to prevent possible leakage. If a bolt breaks the toe of 


the reverse frame, it is preferable to weld a piece on to the toe of the bar rather than fit a stepped 
washer, 


In double bottom tanks it is very necessary to see that there is sufficient drainage at each floor so that 
the tank can be properly pumped out and that air holes are provided in the reverse frames to prevent air 
pockets being formed on filling. Generally speaking, the frame bars are cut off at the ends so that the 
floors can be snaped to allow for drainage ; slots are also punched in the frames as low down as possible - 
but are often dispensed with in the reverse frames, the joggle for the tank top plating being used for air 
holes. Although adequate drainage is left at the ends of the frame bars. it is necessary to see that the 
spacing of the rivets between the margin angle and frame does not exceed the rule spacing for riveting of 


frames to shell plating. The same point is to be observed at the ends of the reverse frames and the tank 
margin seam. 
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In oil tankers sufficient care is not taken at times when the line of the pipes in the tanks is fixed, 
to see that they clear the structure at the fore and after ends. This means that compensation bars have 
to he fitted to brackets and transverses, the cutting of which might easily have been avoided. Also in 
way of the bulkhead coupling pieces the flanges to stiffener brackets should be reversed on one side of the 
pipe, so as to allow for more room if the couplings require attention in service. 

Odd work adds to the cost of construction, so it is advisable to have searchers, whose job it is to see 
that the work of the platers, drillers, riveters, welders and caulkers, in each compartment 1s cleaned up. 


SHIPWRIGHTS. 


The design office fixes the declivity of the keel blocks and the shipwright lays them to suit the type 
of centre girder to be fitted in the vessel. In way of a centre girder the blocks are all in line, but if 
part of the centre girder is replaced by a duct keel, the blocks are staggered so that the weight is taken 
equally by each line of blocks. 

The shipwright fixes the fore and aft position of the keel plates on the blocks, the plater lays the keel 
plates and the shipwright sights them after the butts are screwed up, to ensure that they are allin a fore 
and aft line and on the centre line of the blocks. After the flat keel is laid the centre girder, duct keel 
(if fitted) and garboard plates, port and starboard, are erected. In the case of oil tankers the plater 
spreads the whole of the flat of bottom plating. 


In vessels with double bottom tanks and centre girder and duct keel connections to flat keel and the 
seams of the garboard plates, port and starboard, on the flat plate keel are then riveted. After which the 
shipwright proceeds to erect the floors and on horning and levelling them the margin plates are put in 
position to tie the loose ends of the floors, and the butts well bolted up to ensure that the widths for tank 
top plating are not exceeded. After the intercostals are fitted into position between the floors and 
regulated, the platers lay the tank top. The shipwright regulates the material so erected, ribbands the 
floors and shores them up as necessary to the correct rise of floor, making sure that the tank top is fair 
and ready for riveting. Any minor adjustments are carried out by the platers. 


Commencing aft the shipwrights start framing the vessel and erecting the transverse bulkheads, 
horning and plumbing as they proceed. If the vessel is under a time penalty the framing may be started 
aft and amidships, or amidships and worked forward and aft. 


As previously stated in the section entitled “ Mould Loft,” two or more fairing stakes are bolted to 
the frames and the shipwrights regulate their positions, the frames being adjusted to suit the levels of the 
bulkheads and the moulded depth amidships. Ribbands are also fitted at the gunwale, side and bilge, to 
fair the framing fore and aft. The beams and half beams at each successive deck are erected and shored 
up under wood runners until the girders are available. 

After the beams are fitted at the lowest deck, the shipwright lays the strake of deck plating 
alongside the hatches port and starboard, fairs and bolts the butts and “ dumps” the plates to the beams 
When these strakes are laid all fore and aft, the stringer plates are then dealt with and the beams horned’ 


As most decks are completely multiple punched in the platers’ shed from loft battens. the plater lays 
the remainder of the deck, picking up the jointer holes in the seams and beams, after which the 
shipwright regulates the whole deck. The shipwright also plumbs each hatch end with the centre line of 
the ship to ensure no twist, and at the half beams in way of long hatches, any tendency for the frames 
to fall outboard being corrected by diagonal wires and stretching screws. 

The same procedure with regard to the deck plating of decks above is carried out, until all the decks 
and erections are complete. 

The intermediate bulkheads on each deck are erected and shored in place to suit the declivity. 

Hatch side coamings and deck girders are erected and the decks shored u pand beam knees regulated 
by the shipwright to the pitching spots cut in 12 ins. below the deck at side line by the frame turners, 

At the turn of the bilge before the angle connections of the floors to the tank margin are riveted, 
the tank margin angle and frames on floors are regulated so that the shell plating fays properly. 
Similarly the frame feet are regulated in relation to the tank margin before the tank side brackets are 
riveted to the margin connections. 
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Thus the shipwright works in conjunction with the plater to put in position the material ready for 
the riveters. The basis of good fairing is constant vigilance, the keel being sighted periodically, and the 
bottom shored up if sagging occurs, due to the weight of the structure or bad piling of the slip. 


Owing to the scarcity of skilled shipwright labour, the requisite watch to keep a vessel fair may be 
difficult to maintain. Consequently, where longitudinal bulkheads are being erected in the “ three tanks 
abreast” type of tanker, the corner angles which join the transverse bulkheads ought to be specially 
bolted up from top to bottom and pinned by steel dowels the full diameter of the holes to prevent the 
longitudinal bulkheads bowing. If bowing does take place and is not rectified before the wing bulkheads 
are erected, there will be a tendency for the holes at the top and bottom to be partially blind, necessitating 
rimering and re-countersinking. 


In oil tankers with longitudinal framing on the decks and bottom and transverse framing on the 
sides, the beams intercostal longitudinally between the transverse bulkheads and through slots in the 
deck transverses, and will take any position relative to the deck plating as the bulkheads are the hard 
spots. These bulkheads are riveted and welded at the skids; the 12 in. spiling to beam at side line cut 
by the frame turners on the ordinary frames should be carefully checked to ensure a correct sheer profile. 
If a bulkhead is high the corners have to be cut adrift, the deck bar lowered, the holes in the bulkhead 
welded up and re-drilled and the corner re-welded. 


When the after end is all riveted up and the engineers are ready to bore out the stern frame or 
shaft brackets, the shipwright drops the stern by slacking the shores and keel blocks in the vicinity, in 
the case of twin screw vessels, but the shores only, in single screw vessels, until no further movement 
is obtained. 


Soon after the stern has been dropped the vessel will be ready for launching. The preparing for 
launching is one of the shipwright’s biggest jobs. When the vessel is laid down, a probable launching 
date is fixed and from an estimate of the depth of water over the end of the slipway, the height of the 
keel blocks can be settied, a minimum of 4 ft. 6 ins. being allowed for working under the bottom. 


When the launching calculation is made in the design office, the declivity of the launchways, their 
camber (if any), width, spread and height at the fore end will be fixed, so as to ensure that at no time will 
the forefoot foul the slipway. Camber is given to the launchways to make up for any lack of water over 
the end of the slip, as the stern becomes water-borne quicker. No hard and fast rule is laid down for 
the amount of camber in the ways, but up to 24 ins. in 500 ft. has been used. 


It is very important to see that the groundways are level transversely, as, if they are not, undue 
strain will be brought to bear on the ribbands at the outer sides of the groundways. As soon as the 
groundways are complete they are coated with tallow, as are also the sliding ways. When the tallow is 
hard the sliding ways are turned in with a liberal supply of soft soap between the two tallowed surfaces 
to keep them apart and further reduce the friction. In the winter time it is sometimes necessary to 
grease the ways a number of times, due to the frost taking the slippery nature out of the tallow. It is 
advisable therefore to put fires under the bottom to keep the temperature above freezing point. 


After the sliding ways are in position the shipwrights proceed to fit the packing between the sliding 

5 : * oes 

ways and the flat of bottom of the vessel. At the fore and after ends where the vessel begins to get fine, 

logs are fitted on end to form the fore and after poppets. The heads of the fore poppets are recessed into 

a steel cradle secured from side to side under the bottom by steel bands. These bands and cradle are 

packed with soft wood out from the shell plating to take the thrust. The poppets are secured together 

fore and aft to prevent tripping and the sliding ways are wired together transversely to prevent 

. 5 J 5 ’ I 

spreading. 


To take the weight on the fore poppets when the stern begins to lift, and to spread the load over a 
larger area of the sliding ways, soft wood packing is fitted below the forward poppets. Generally a load 
of 2 to 2} tons per square foot is allowed on the area of the sliding ways and the spread of the ground 
ways centre to centre is about one third of the beam of the vessel. The day before the launch the ends 
of the groundways abaft the sliding ways are cleaned, dried and tallowed. As soft soap is adversely 
affected by salt water, forming an acid which attacks the tallow, a layer of solidified oil is placed over 
the tallow. 
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To enable the weight on the keel blocks to be transferred to the ways, the wedges between the sliding 
ways and the stopping up are rammed by gangs of shipwrights working from aft forward. The cap 
blocks are split out, the shores and keel blocks removed and except where blocks and shores under the 
stern are left to be tripped, the vessel is supported on the cradle only and held in position on the ways by - 
hydraulic or electrically controlled rams or dogshores. When the required depth of water is over the 
end of the ways, the vessel is released and if proper care has been taken, will be successfully launched. 
Where waters are restricted a system of drags has to be devised to pull the vessel up within a certain 
distance after leaving the end of the slipway. 


After launching, the vessel is taken to a fitting-out berth or basin, where the machinery and boilers 
are installed (if this has not already been done on the slipway), and the portable deck plating and casings 
are re-fitted and riveted. 

Deck planking, wood sheathing on steel decks and wood planking to tops of houses on erections are 
lined off and laid by shipwrights. Some Owners insist that bolts for securing deck sheathing shall not 
pierce the steel deck, to afford a greater measure of tightness of the deck over accommodation or 
insulated spaces. 


In this case the sheathing is fitted to the deck in the usual manner, bored for bolts and nuts and the 
positions of the holes in the planking are transferred to the deck, but the bolts are welded to the deck, 
the planking bedded in, and nuts, washers and grommets put on the bolts. The sheathing is thus 
secured from the top instead of the underside, after which the wood dowels are fitted. The shipwright 
caulks and pays the seams, either by hand or machine. Where the deck sheathing is secured by bolts 
down through the steel deck it is essential that each bolt shall have a full nut, washer and grommet. 


Although the Society’s Rules do not require steel decks below wood sheathing to be caulked, it is a 
great advantage if this is done, as risk of leakage is minimised. In first class work wood sheathing is 
recessed over seams and butts of deck plating and made solid to the deck, but in some cases slippers are 
fitted in way of beams to flush up the seams and the planks are laid on top. 


Pitch pine for deck sheathing has been very difficult to obtain, consequently an Empire product 
known as Borneo White Wood or Cedar (native name Serayah) has been used in recent years. It is 
extremely light, i.e., 36 Ibs. per cubic foot, and from the experience gained with it in service, it appears 
to wear exceptionally well. With the exception of teak, which often outlasts the steel structure, there 
are few woods that wear better than Borneo White Wood. 


It is difficult nowadays to get good quality straight grain and each plank should be specially examined 
for thunder shakes, which are at right angles to the length of the plank. Heart planks soon become 
badly shaken in the sun and this defect also requires special attention. Borneo White Wood is easier 
planed by machine than by hand and it appears to absorb water more readily than most woods used for 
deck sheathing, nevertheless it dries as quickly as it absorbs, but it is stained easily by rusty water from 
steelwork, etc. 

The fitting of hawse pipes, windlass, anchor and cable gear, bollards, fairleads, boat davits and chocks, 
wood platforms, wood hatch covers and gangways, etc. is carried out by the shipwright. 


A bowed stem can mar the appearance of a ship on the slipway, consequently the shipwright watches 
the riveting to ensure that the stem is straight. especially in the vicinity of the scarphs. With flanged 
plate stems also it is advisable for the hood ends of the bow plates to be fitted inside the stem seam so that 
the appearance is not impaired at the scarphs. 


Generally the ship’s anchors and cables are placed on board prior to the launch to be used in case of 
emergency. If, by any chance, these are used and undue strain is put on them, they should be re-tested 
before the vessel goes into service. 


DRILLERS. 


At the ship the drilling of holes for the shipbuilding and engineering material is done by the drilling 
department. 


Of the machines in use the majority are pneumatic, the remainder comprise small hand ratchets for 
short drills or countersinks for use in awkard corners, where it is not possible to get a pneumatic corner 
drill. A few electric drills are available. 
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So far as the drilling of plates and angles is concerned it is general practice on merchant work for the 
diameter to be 1/16 in. greater than the rivet diameter, but in Admiralty work only 1/32 in. is allowed for 
clearance. 


In drilling holes for fitted bolts a clearance of , 55 in. is allowed for each 1 in. in diameter of bolt. 
Special drills may be used for this purpose but in view of the unsteady platform provided at the slipway 
it is thought advisable to use drills that have been previously used, and rosebit the holes to the correct 
size afterwards. 


Regarding the drilling of holes in the tank top in the engine room for holding down bolts for oil 
engines, the engine bedplate (with holes drilled by the makers) is chocked up in position to the correct 
height and if the holes have not been put in the chocks they are drilled in place, together with the heavy 
tank top plating and bars on the fore and aft girders in the double bottom tank. On occasion, and to 
save expense, a mould is made giving the correct positions of the holding down bolts. This mould is 
rt a 2 the top tank in the proper position and the centres of the holes transferred, so that they can 
be drilled. 


Cases sometimes occur where the design of the casting prevents drilling from the top i.e., using the 
casting as a template; it is then necessary to put a sleeve in the holes and through the sleeve to use a 
turned centre punch to mark the centre of the holes on the tank top, remove the casting, drill as necessary 
and replace. Where it is not desirable to remove the casting, careful spilings are taken from the bolt 
holes on the side, and the centres of the holes to be drilled are marked inside the tank and drilled 
up through the holes in the casting. 


It would appear to be an advantage in plates of awkward shape, such as the outbossing in twin screw 
vessels, cruiser sterns and shaped plates obtained from a “ mock-up,” if tack holes only were put in at the 
platers’ shed for erection purposes and the remaining holes drilled in place. 


It is fairly common practice in shaped plates for one butt to be left blank and drilled in place after 
adjustment but very rarely are seams dealt with in this way. 


When countersunk holes are rimered they generally require to be re-countersunk and in three-ply 
0.T. or W.T. work where the holes are countersunk head and point, re-countersinking on both sides of 
the plate may be necessary. 


Generally speaking large holes other than lightening and drain holes are burnt out in place when the 
correct position is ascertained. Where galvanized plating is used it is sometimes insisted that if holes 
are burnt out they must be a } in. less in size all round and then chipped to the correct diameter. This 
is done to remove the damaged portion of galvanizing and it may therefore be cheaper to cut the holes by 
a pneumatic tool. 


The tapping of holes right through the plate—the tap being caught on the other side—is done by a 
pneumatic drilling machine geared down for the purpose. Plug tapping and the tapping of holes where 
the tap would fall through into another compartment is done by hand. 


The care of drilling tools is important and a special grinding machine for grinding twist drills is 
installed. An experienced man is employed on this machine, but the men themselves have their own ideas 
as to how drills should be ground and many desire to make final adjustments to get best results for piece 
work rates. 


RIVETERS. 
Fair holes and good screwing up are essential if good riveting is to be obtained. 


It is sometimes specified that bolts for screwing up must be placed in every third hole, especially in 
the shell plating of oil tankers, but this counsel of perfection does not take account of actual need. The 
thicker the plates to be joined together, where the surfaces are flat, the fewer the number of bolts required 
to bring the surfaces into contact. It is a difficult matter to make riveting squads adopt a hard and fast 
rule as regards screwing up. They screw up with spanners the leverage of which is very much greater 
than would be employed by an engineer tightening a nut on a stud or bolt in a faced casting. Mild steel 
service bolts are used for screwing up and with the length of lever used, the bolts may break before the 
treads are stripped. 
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Specifications may state that a bolt is to be placed in every so many holes and this may be done, 
but it is difficult to check that every bolt is properly screwed up. It is, however, the duty of the foreman 
riveter and his assistants to test such bolts by hammering. More screwing up is required for pneumatic 
than for hand or hydraulic riveting, as the pneumatic hammer does not close the work so well. All rivets 
are tested and examined before being counted for payment and no squad finds it profitable to go ‘easy ” ; 
slack or defective rivets have to be cut out and renewed without extra payment. 


Generally speaking the position of the bolts for screwing up seams and butts is left to the discretion 
of the sqyuad. The position of the jointer bolts in the frames and seams depends largely on the joggle of 
the frame ; at the turn of the bilge it may be necessary to put more bolts in the top edge, if the bilge plate 
is an outside plate, than on lower edge. 


Where holes are punched there is a slight distortion around the hole due to the plate being drawn up 
to the claw when the punch is being extracted ; similarly when plates are sheared there is a slight set down 
at the edge, due to bending of the plate and these considerations have a great deal to do with the number 
and position of bolts for screwing up. 

“Falling back” on mild steel rivets to harden up is very necessary to ensure that no rivets are 
slackened when those next in order are being hammered up. On shell plating in particular, where 7/8 in. 
diam. rivets are used, it is usual to fall back one rivet and with 1 in. and 1°1/8 in. rivets to fall back two 
or even three rivets, depending on the thickness of the plates. 


The great majority of the riveting in the shipyard is done by pneumatic hammers. Some few hand 
squads are retained for awkward corners where it is not possible to get a machine and the remaining squads 
use hydraulic machines at the skids, or in parts such as gunwale bars, doublings at the breaks, floors and 
intercostals forming seats for oil engines, keel bars for flat plate, centre girder, flat plate keel and garboard 
strake seams. In large vessels the whole flat of bottom may be riveted hydraulically, but to do this 
special hydraulic bears with large jaws are re juired. 

When using pneumatic riveting machines a pneumatic holder up is used, so if the rivet hammer and 
holder up do not synchronize, only some of the blows are really effective. 


If specimen pneumatic and hydraulic rivets are cut and driven out from the head side, it will be found 
that the hydraulic rivets are more difficult to remove, and that the countersunk head of the hydraulic 
rivet is much more pronounced than that of the pneumatic rivet, showing that hydraulic rivets fill the 
holes better. 


Where the flat plate kee! and bottom plating are riveted hydraulically, a “ squeeze” should first be 
used to make sure the head fills the countersink before the point is formed. Although hydraulic rls 
gives the best results, it slows down production at the slipway considerably. If the work is well screwec 
up and the air pressure is kept high, then pneumatic riveting leaves little to be desired. 

Drilled shell plates are generally necked to take ordinary pan head rivets with swollen necks, but to 
ensure that straight necked rivets are not used in any but drilled holes, the foreman in charge has to 
satisfy himself in what part of the structure the rivets are to be used. before a squad can draw such 
rivets from the store. Straight necked rivets are only used in drilled bulkheads or in stems, sternframes, 
bollards, fairleads and the like; never in the shell. ; 

When a part of the structure is being prepared for riveting and any holes slightly unfair are being 
rimered which will adversely affect the countersink, repeated visits will be necessary to make certain that 
all holes so dealt with are re-countersunk. 

Short rivets spoil the appearance of a job and matters are not improved when recourse is made to 
hammer the plating around the point. 

Although “liner men” have instructions that, the holes in the liners are not to be larger in size than 
the rivets require, cases do occur occasionally (especially where it is difficult to get the liner in) where the 
holes in the liner have to be opened out. 

At the ends of the ship where the frames are not joggled, “ sprung liners” may have to be fitted 
owing to the irregular set of the shell frames. In way of a raised strake where parallel liners are usually 
fitted, if the frame does not fay, additional tapered liners will be required above and below the seam to 
make the side plating fair. As two liners do not fay well together they should be replaced by one 
heavy liner. 


20 


With regard to hydraulic riveting of channel bar frames at the break of a bridge, where jockey cap 
headed rivets sometimes predominate, it may be difficult to manceuvre the die into the root of the channel 
and it will appear that if the holes in the shell and frames are punched or drilled closer to the toe of the 
bar, a better rivet will be assured. Further, as the flanges of the channel are tapered from the root to 
the toe, the cup of the machine must be bevelled so that the head is properly laid up. 


In the scarphs of sternframes it is often specified that the rivets are to be a driving fit and the 
point of each rivet is then heated by a blow-pipe and riveted over. Some doubt may exist as to whether 
the countersink is properly filled. The tank rivets in the scarph and those in the shell plating clear of 
the scarph are usually heated and knocked up in the ordinary way. With such rivets which are long in 
comparison with their diameter, it is well to make the point slightly tapered and to heat the rivet white 
hot except in way of the point, which is left somewhat cooler. When the rivet is then knocked up, the 
shank being hotter, will be bumped up more and will fill the hole better. 


Odd scattered riveting is expensive and it is advisable to ensure that all rectification of holes, fitting 
of lugs, &c., is done before the squad leaves that section. 


WELDERS. 


Up to the present time shipowners in this country have placed orders only for a limited number of 
“all-welded ” vessels, although in riveted vessels they have allowed a small amount of electric welding to 
be carried out in certain parts of the structure. 


At present there are comparatively few expert welders and until the number is sufficiently augmented 
it is well to proceed progressively. 


Many shipyard welders can and do produce good “ downhand” welding, but the percentage of those 
who can carry out vertical and overhead welding satisfactorily is relatively small. 


The combination of riveting and welding may be detrimental to the riveting if the latter is carried 
out before the welding, but with a little foresight riveting before welding can be dispensed with. 
Usually the spacing of the rivets indicates whether a job is O.T. or W.T., but with welding there is no 
such indication ; one wonders whether the similarity in attachment is in accordance with accepted 
principles. 

In vessels fitted for carrying refrigerated cargoes where the tank top is carried straight out to the 
shell plating, the channel frames are usually scarphed down on to the floors, as in Fig. 10; this avoids 
fitting frame brackets, with a consequent loss of carrying capacity. As indicated, the tank top is slotted 
to allow the frames to pass through and the joint is made water-tight by means of double riveted shell 
chocks, the collar plates being welded to the frames and tank top. 


Generally the frames and shell chocks are riveted to the shell and tank respectively before welding 
takes place. The three rivets in the frame above the tank top are countersunk head and point, but the 
excessive heating, due to welding the plate chocks, may be sufficient to burn the stopwaters between these 
rivets, thereby rendering it difficult to obtain watertightness at the tank top. It is then an advantage 
to cut the frame shell flange just above the shell chock and to weld it to the shell plating, as shown in 
Fig. 11, a procedure frequently adopted in way of gastight chambers. 


A difficulty arising out of this method is to ensure that the shell flange behind the web is welded 
solid. In lieu of shell chocks the top tank plating may be welded direct to the shell plating, but, due 
to panting in service, cases haye arisen in which the welding of the shell chocks has started and leakage 
occurred at the shell and also around the frame. 


Where the side frames are continous through decks which are gastight, the shell flange is sometimes 
cut and welded, as shown in Fig. 12 to prevent gas getting up behind the frames, but care should be 
taken that the portion of the web of the frame burnt out is no larger than necessary so that the frame is 
not weakened unduly, and that the corners are well rounded to prevent fracturing. This arrangement is 
best suited to vessels with insulated ’tween decks where cement chocks are dispensed with, since the 
matter of adequate drainage requires attention. 
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In twin screw insulated vessels, where the space between and at the side of tunnels is used for the 
carriage of oil fuel and the hold space above is insulated, the tank top and tunnel plating with beams are 
fabricated in the shop. Fig. 13 shows the method employed, in which the beams are intermittently 
welded downhand to the plating and the butts of the plating are arranged transversely on the beam 
flange as shown. 


The composite sections are lifted into position, regulated, and the seams and butts coming on the 
tunnel bulkhead boundary bars are welded downhand; collar plates are welded around the frames, and 
the tank top plating between the frames is welded direct to the side plating ; the deck flanges of the 
boundary angles of the transverse divisional bulkheads are then welded overhead to the tank tops. The 
welding of beams and girders to thin plating may cause the latter to be pulled down and the surface 
distorted. In order to minimise this, sufficient gap should be left at the butts. Where the plating is 
concave and water lodges, corrosion tends to take place. 


In a particular case under consideration, the tank top over the oil fuel tanks was coated with thick 
bitumen as it formed the floor of an insulated hold and fairing was unnecessary but if necessary this can 
be done by fitting lugs but more often the plates are split, faired up and re-welded. Thin plating may 
best be faired by welding diagonally across the panel as this affords additional measure of stiffening. 


Pillar feet in insulated spaces are usually welded to doubling plates which are themselves either 
riveted or welded to the tank top. 


Smithed shoes have been generally dispensed with, the flanges of the angles at the corners of O.T. 
and W.T. bulkheads, ete., being cut away and welded as shown in Figs. 14 a to J. 


In tanker construction the ends of the tee bar connections on the O.T. bulkheads which are near 
the boundary bars and would be difficult of access to caulk, are securely bolted to the bulkhead plating 
at the skids and welded locally before riveting ; tee bar connections on O.T. bulkheads taking the 
horizontal girders are frequently welded all the way round and then riveted. 


The bulkheads of oil fuel cross bunkers which form the fore end of engine rooms are fabricated on 
the skids and welded complete with boundary bars for connection to shell, tank top and deck, and the 
pads for pipe flanges and seating supports are welded to the bulkheads to prevent leagage. Manhole 
coamings formed of channel or heavy angle bars are welded at the butt and to the tank top. Hatch 
coamings to oil cargo tanks are made out of one piece of plate and welded at the butt ; the tank top 
plating on fore and after peaks is either flanged to shell plating between frames and riveted and fitted 
with welded plate chocks around the frames, or else the tank top plating is carried right out to the shell 
plating and welded direct, plate chocks being fitted round the frames, as shown in Figs. 15 a and B. 


Contour plates for cruiser sterns have been smithed in halves and welded together, effecting considerable 
saving in time and reducing the loss in local thickness and impaired value of the plate when made 
in one piece. 


The butts of boundry bars of transverse and longitudinal bulkheads are veed and welded in place, 
after the riveting and caulking of the bulkheads have been carried out on the skids. 


It is good practice to re-caulk bars and rivets in way of the butts after any local welding as the heat 
tends to start both caulking and riveting in the immediate vicinity. 


Due attention should be given to the effect of electric welding on cast steel rudders and sternframes. 
A type of rudder now being fitted consists of a cast steel frame of the “ barn-door” type with four arms 
and plates welded between them, the spaces between the arms and the plates being filled with wood. The 
rudder casting will be aligned and machined as regards pintles and coupling at the Makers’ works. 


In one such case the stock was bolted in position to the cast steel rudder frame and tested for 
alignment in two planes at right angles. Considering the mass of the mainpiece(13 ins. to 10} ins. x 11 ins.) 
no distortion was anticipated during the welding of the plates, but as a precautionary measure welding was 
carried out simultaneously and progressively on both sides of the rudder, the rudder being supported 
vertically with the mainpiece resting on blocks. Unfortunately, the contraction due to the welding caused 
the mainpiece to bow 1/16 in. to port and 3/16 in. forward in way of the centre pintles, The coupling 
face was then found to be 1/16 in. open on the starboard side and 1/8 in. open on the fore side. 
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When the coupling palm was set square the bottom pintle lay 1 in. aft and 4 in. to starboard aft 
centre. In order to rectify this it was necessary to align on the top and bottom pintle holes, re-bore all 
four arms and fit new pintles. The coupling on the mainpiece was then machined square to the centre 
line of pintles and the holes in the coupling opened out and new coupling bolts fitted. 


__ When another rudder of this type was contemplated, certain modifications were made in the design ; 
instead of three separate plates being fitted between the arms on each side of the rudder the recessing on 
md arms was arranged to admit of one complete plate being fitted each side, i.e., slotted out over 
the arms. 


The plate on one side was tack welded to the rudder frame, the wood filling fitted, and the plate on 
the other side then tacked in place. Next the rudder was supported vertically with the mainpiece on 
blocks and the stock coupled to the mainpiece. Two wires were fixed in planes at right angles and the 
stock and pintles checked for aligment. Check rods were then welded to the arms, port and 
starboard, showing a gap of 1 in. and observation was kept on these gaps during the process of welding. 
Two heavy bulb angles bolted and welded at the ends were secured to the back edge of the rudder plates, 
to be removed when the welding had been completed and the edges of the plates finally riveted and 


caulked. 


Only one welder was employed on each side of the rudder and welding was commenced at the centre 
of the bottom of the middle panel, followed by welding on the centre pair of arms, the stepback method 
being employed throughout the process. When the panel was completed it was allowed to cool off during 
the night and check readings for alignment were taken the following morning before welding was 
again started. 


At the second period the welding of the centre arms was completed, that nearest the heel being done 
first, after which the slots at the bottom of the centre panel were finished. On completion of the welding 
of the centre arms they were allowed to cool all night and readings were taken in the morning, as before. 
The bottom arm was welded in the third period, additional plates being first welded on each side to 
counteract distortion. 


Actual welding of the rudder plating was commenced at the centre on the bottom at the mainpiece, 
followed by that at the aftermost end on the bottom arm, one run only of a No. 10 electrode being used 
on each section. The rest of the welding was carried out in the usual alphabetical rotation, moving 
from bottom to arm until each run was completed. Check readings were taken as before. In the last 
period additional plates similar to those mentioned above were welded each side, together with a claw 
plate near the coupling. Welding of the remaining section was carried out in a manner similar to that 
of the third period. 


On completion of this last section all securing plates were cut off and the portions in way welded. 
'The bulb angles were then removed and the trailing edge of rudder riveted and caulked. A final check 
for alignment was then made, the top and second pintles were found correct, the third pintle being 
gly in. to starboard and 4%; in. aft, and the bottom pintle yg in, to port. As there was a clearance of 
yi in. all round on each pintle, no further adjustment was made. 


From the foregoing it will be observed that where rudders are to be fabricated, working with 
finished castings calls for considerable care. It would be preferable to leave sufficient on the castings so 
that a limited amount of distortion due to welding can be corrected by one process of machining. No 
hard and fast rules can be laid down for welding complex structures so that distortion is eliminated. 


Distortion is not unknown in ordinary rudders with plates riveted to the arms, but if care is taken 
with the alignment of the holes and the correct sequence of riveting is followed, the distortion can be 
reduced to a negligible amount. 


The welding of streamline plates to sternframes is also apt to distort the frame more particularly 
when such plates are mounted on continuous bars the full depth of the rudder post. It is good practice 
to fit the bars in short pieces. A case in point recently occurred where the centre pair of gudgeons was 
found to be 2 in. out of alignment, due to the rudder post being bowed aft. To correct this mis- 
alignment it was necessary to heat the rudder post and pull the centre two gudgeons forward by means 


of stretching screws. 
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Where rider plates are fitted to the bottom flange of hatch coamings, they are sometimes electrically 
welded at the butt and a strap fitted on the inside. Difficulty is experienced in ensuring that the welding 
penetrates to the bottom of the vee on to the strap where the side coaming plate passes the connecting angle 
to the deck plating and also the portion of the side coaming plate between the deck and bottom flange of girder, 


Tests have been carried out recently with various widths of overlap of plating and runs of welding. 
The strips were 3 in. wide by 4 in. thick. The results obtained were as follow :— 


_ Actual Breaking 
Area in | Breaking | Strain in eneers “are . 
Item. Sq. Inches. | Strain in | Tons per Type :—Joggled Overlaps. 
idea : Tons. _| Sq. Inch. 
2in. Lap “A” ...) 1°47 34°6 23°6 3 runs No. 8 at sight edge; 1 run No. 10 at edge 
at bosom of joggle. 
| £1n, Lap “B” ...) 1°50 31°9 21°3 3 runs No. 8 at sight edge; 1 run No. 10 at edge 
at bosom of joggle. 
(2 ine bape OF ele tbo 37°6 25-0 3 runs No. 8 and 1 run No. 10 at both edges. 
2?in. Lap “D”...| 1°48 316 21-4 3 runs No. 8 and 1 run No. 10 at both edges. 


Test pieces “A” and “B” straightened out a little at 20 tons and broke through the weld, and test 
pieces “C” and “1D” straightened out a little at 25 tons and broke just clear of the weld. 

A second series of tests was carried out between welded and riveted joints, the results of which 
are tabulated below. 


Sectional 
Actual | Breaking! Area of | Shear 
a Area in ||Breaking| Strain Rivets | Stress in 
Item, Shes sq. ins. | Strain in| tons per | or Weld | tons per Remarks. 
tons. sq.in. | Metalin | sq. in. 
sq. ins. 
Inches. : a 


S.R. Mild Steel lap, 
3-{ in. diam. M.S. are Ras era Ne AE TG rae aa ane : 
rivets spaced 4h 10°125 x 50 | 5°06 | 29°7 5°86 1°326 | 22°39 | Rivets sheared. 
diams. apart. 


D.R. Mild Steel lap, | 


6—} ins. diam. M.S. eel ieee : + Boe, ae 7 me 
rivets spaced 44 10°125 *°50) 5:06 68°38 13°56 2°652 25°94 | Rivets sheared. 


diams. apart. 


Welded lap M.S. single 


run, Bluex No. 10: Bes ae J ioe ; 4 Bees 
9 ins. deposited by 107125 x50} 5°06 | 81°8 16°16 3°8 witDS Rat aaa 
18 ins. electrode. ; 


Welded lap M.S. single ) 


run, Bluex No. 10: oe en Pne ‘ ae a, a 4 
54, ins. deposited by 10°125 x 50} 5.06 | 100°00 | 19°77 5°06 | 19°76 eae 
18 ins. electrode. : : 


It will be seen from the above results that even with small runs of welding the joints have a fair 
margin of safety over the riveted ones. 
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A third test was made using “ Bluex” electrodes to compare the overlap butt (one plate joggled so 


that the upper surface of the butt was flat) and a flush butt strapped. 


The results are given 


below :— 
~~ A 
Area in Koad See a 
. ins. reakin Strain ngation eo 
Them of Plate and Sonaiaee in S ree Renta 
Section. in. tons. sq. in. 
Width Thickness 
2°5 in. x *875in. 937 18°8 20°0 3% 1} in. joggled overlap. One run No, 10 
SOA? at sight edge. One run No. 10 and 
one run No. 8 at edge at bosom of 
joggle. 
2 in. x °875in “75 21°3 28-4 215% | Veed butt with one run No. 10 and 
SB one run No. 8. 2x4 strap at back 
attached by one run No. 10 con- 
tinuous. 


Specimen “A” broke at the weak spot clear of the weld in way of the joggle and for the particular 
purpose in view it was decided to adopt the strapped method as in specimen “ B”; although it might be 
considered that the strap was unnecessary, its presence was reassuring. 


Fig. 16 gives curves showing a comparison between the widths of overlapped butts and seams in 
terms of the thickness of the plating as specified by the Admiralty and the various Registration Societies. 
As indicated, no uniformity of practice exists, yet an examination of the results of varying overlaps and 
runs of welding as previously shown suggests that some exact relationship might exist to suit the various 
thicknesses of plating. 


An examination of the various regulations on welding discloses that whilst L.R., B.C., G.L. and 
B.V. Registration Societies and the Admiralty, state that for continuous full welds the throat thickness 
is to be ‘7 times the thickness of the plate welded, L.R. regulations do not differentiate between shear 
and tensile legs of the fillet, whereas B.C. and the Admiralty state that tensile legs are to be 1°25 times 
the thickness of the plate. It would appear that the N.V. and R.I. Registration Societies have adopted 
L.R. regulations, but the G.L. Registration Society state that butts and seams of shell plating and 
strength decks are nof to be welded with overlapped joints. 


CAULKERS AND TESTERS. 


The caulkers and testers work in conjunction with the platers and riveters. Throughout the whole 
of the construction of the vessel, commencing at the keel and finishing at the weather decks, the caulker 
arranges stopwaters, tarred paper and vulcan cement (where necessary) to prevent leakage of gas, oil or 
water, in way of three-ply riveting, continuous bars and plates which traverse compartments, &c. The 
coating of surfaces with vulcan cement some time before plates or bars are to be erected is to be 
deprecated, because the cement hardens before the surfaces are in contact and the desired effect is 
negatived. The caulking of the shell plating, decks, bulkheads, tank ends and tank tops is carefully 
checked and examined since repeated tests or drydocking on account of leakage are expensive, besides 
causing unnecessary delay. If the workmanship is good there should be no need for subsequent injection 
and caulking of rivets. Any tank that requires undue attention in this respect is almost certain to 
leak in service. 


Although every precaution may be taken to ensure tightness by means of stoppers, these get burnt 
out sometimes, owing to excessive heat from welding or the close proximity of rivets, and thus allow the 
water or oil to pass. All tested compartments in way of insulated spaces should be drum tight, since 
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minor leakages allowed to accumulate may easily taint the cargo and spoil the insulation, necessitating 
expensive subsequent repairs and consequent delay. Double bottom tank air pipes, which are coupled 
together by screwed muff couplings to save Space, are frequent sources of leakage and should not be allowed 
‘behind insulation. 


If air and sounding pipes are not fitted at the time when tanks are under test, they should be tested 
separately afterwards when jointed. Soil pipes should be plugged at their lower ends and tested by filling. 


In twin screw vessels, tanks are usually fitted abreast the tunnels. As the height to the overflow may 
be considerable, the plating has on occasion been observed to deflect between the vertical stiffeners, although 
the stiffeners themselves are not affected. This deformation is particularly noticeable on the seam of the 
tunnel plating at about half depth of the tank and may be sufficient to start the caulking. This disability 
has been overcome by welding 6 in. strips of plating square off the bulkheads between the stiffeners, just 
above the affected seam. Also in way of these tanks abreast tunnels, it has been found in certain cases 
that although the bulkheads have proved tight on the caulking side, leakage subsequently takes place 
during a back test between the boundry angle and the buikhead plating. 


If at the after end of the vessel the corners of O.T. and W.T. bulkheads are so acute that it 
is impossible to through rivet them to the deck and shell plating, it is usual to fit a solid shoe to which the 
deck and shell plating can be welded or tapped. 


To ensure that margin lugs to tank side brackets are tight under test they are joined with vulcan 
cement and caulked all round. 


When a continuous gusset plate is fitted it is usual to caulk the top three rivets of the margin lug 
before the gusset plate is riveted, as it is extremely difficult to stop any subsequent leakage in these rivets 
except by injection, due to their position. Special precautions may also have to be taken with the 
connection of continuous gusset plates to the margin plates, i.e., all three ply rivets dispensed with and the 
holes inside the tank countersunk so that rivet heads can be caulked. It would be an advantage to weld 
the lap of the gusset plates on the tank margin instead of rivet. As it is not feasible to caulk the heel of 
the flanged gusset plate, it is usually flanged to a slightly less obtuse angle than required and pulled well 
down to the tank margin plate by bolts before riveting, thereby ensuring that the heel of the flange is in 
close contact with the margin plate. 


Where it would be difficult to caulk lug connections to the tank top on account of their nearness to 
the bulkhead, the rivet holes are countersunk on the inside of the tank and the heads of the rivets 
caulked. In other cases these lugs are welded at the deck where it is impossible to caulk properly. 


In new construction, testing by water differs from testing by oil in one important respect, with 
water test the joints rust up and stop minor leaks, but in the case of slight oil leakage there will be no 
subsequent rusting so the caulking must be fully effective. 


Manholes in the floors are often found to have rags from the manhole punch or slag from the burner 
and these should be chipped, filed or buffed as they are a source of danger at subsequent inspections. 


It is good practice to turn the bottom frame bar of the transverses of oil tankers in one piece and 
burn out the siots for the bottom longitudinals afterwards. The burning of these pieces requires to be 
closely watched, as cases have come under notice where the angles have been left proud on the transverse 
necessitating additional burning in place to accommodate the channel, with dire results to the bottom 
shell plating. When it is necessary to burn out rivets in angle attachments, the burning should be done 
on the bar side and not on the plate side, as it is less expensive to renew the bar than the plate. 


SHIPFITTERS. 


Generally speaking they carry out all fitting work outside the machinery spaces, and also the fitting 
and gearing of W.T. doors to tunnels and to W.T. or O.T. bulkheads to bunkers. By them are lined off 
and fitted all cast iron suction pipes in way of double bottom tanks and bilges, deck and cargo tank 
suctions in oil tankers, deck steam pipes to windlass, steering gear and deck winches, the alignment of 
rudder pintles and gudgeons, the fitting of rudder glands and supports, and holding down bolts to 
steering gear, &c. 
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In the case of oil tankers, as far as possible the pipe lines for suctions in the cargo tanks are lined 
off so that valves and flanges of pipes are clear of brackets and transverses, but if it is necessary to cut 
away any of the structure due to the fining of the vessel forward, adequate compensation must be 
arranged. 

Deck steam pipes are frequently fitted close up against hatch side coamings where they are protected 
by the bulb angle stiffener and stays, but this practice is conducive to heavy corrosion of the side 
coamings. Unfortunately, if the pipes stand out just clear of the stays to the hatch side coaming and 
are protected by cover plates, it is the view of the Factory Inspector that the effective height of the 
coaming is reduced thereby, below the minimum of 80 ins. allowed by the regulations and consequently 
the pipes must be kept two feet away from the hatch side coaming. In such cases adequate strong pipe 
covers will have to be fitted to prevent damage due to loading and discharging cargo. 


Sufficient clearance should be left below the tail pipes to the bilges or else trouble ensues, e.g., a 
vessel was drydocked for a leak in the engine room and it was found that the cement round the tail pipe 
from the mud box was scoured away and the bilge plate eroded, causing a hole in the shell, due to the 
fact that the initial clearance between the cement in the bilge and the bottom of the suction pipe was 
very small. The distance of the bottom of the pipe above the cement should be such that the 
circumference of the bore multiplied by the gap is equal to twice the area of the pipe. 


With the introduction of the oxygen cutting machine a large amount of forging work has been 
dispensed with, also the machining of rough forgings has been now cut down to a minimum, thus saving 
time and labour. 

The following are some of the fittings that used to be forged by the blacksmith and passed to the 
shipfitter to machine, all of which are now cut by the oxygen cutting machine ready for use, viz. :— 
Large double lugs for hinges, mast and derrick bands, pipe flanges, ring spanners, large pads for all 
purposes, shaft tube bulkhead rings, stern tube nuts, cable clenches, chocks of all sizes and shapes, and 
hydraulic pipe flanges. 


Machines have been introduced (an example of which is given in Fig. 17) capable of cutting almost 
any thickness of steel plate or forging and with practically no limitation of shape. The cut is accurate 
and as smooth as that made by a saw and the shape thus cut is in many cases ready for use, unless a 
machined surface is essential and then only a minimum of machining is necessary. 


For articles which lend themselves to production from steel plate, oxygen cutting is definitely faster 
and cheaper than sawing, slotting or drilling. All that is required is an iron or steel template made to 
the required shape and this is engaged by a magnetic tracing roller. The roller follows the edge of the 
template, and the cutting blowpipe being in vertical alignment with the roller, cuts out a replica of the 
template from the material beneath. 


Cutter speed is independent of template shape, and the height of the cutter can be adjusted while 
the machine is cutting, so that the required profile may be followed independently of surface irregularities 
or thickness of the material up to 14 ins.; the machine can be adapted for use with town coal gas 
or dissolved acetylene. 

Oxygen cutting does not materially affect the nature of the mild steels, there being no tendency to crack 
and the surface after cutting is readily machinable, but as the burner cuts so cleanly it is seldom necessary 
to do any machining. 


Small portable machines are in use for trimming steel plates, age large discs or holes to a finished 
size, thus eliminating any need for subsequent machining: also they can be used for parting steel sections, 
reducing flanges of sections and for bevelling cuts at angles suitable for welding or caulking. 


PLUMBERS. 


The plumber handles pipes for both the engineering and the shipbuilding departments. All pipes 
made by the plumbers for the engineers are clipped and jointed by boilermakers, but pipes for the 
shipbuilders are clipped by the plumbers with the exception of cast steel pipes outside the engine and boiler 
space, which are jointed by shipfitters. Whilst pipes used for gas, water and steam all have the same outside 
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diameter, the thickness varies, gas piping being the thinnest and steam piping the thickest. No gas piping 
is used in the ship structure. All lead piping is carried out by the plumbers, but most of the pipe flanges 
are bought outside, already screwed. Odd flanges are burnt out of thick plating by the oxy-coal gas 
cutting machine and are drilled and screwed in the shop. Flanges may be screwed, welded or expanded, 
those for oil tank heating coils are welded after expanding as a precautionary measure. Special machines 
for cutting threads to the British Standard Gauge are set up in the shop, together with drilling machines 
for the flanges, and bays for oxy-acetylene and electric welding are installed. 


Flanges are electrically welded to the steel or iron pipes, but some of the smaller pipes have their 
flanges oxy-acetylene welded. 


Pipes are left black or galvanized depending on the service for which they are intended. Where the 
radius of the bend is not less than three times the diameter of the pipe, the bending is done by hydraulic 
machine, but if the radius of the bend is less than three times the diameter or the thickness is such that 
the machine cannot be used, the pipes have to be fired—a more costly proceeding. 


Steam pipes heated by fire and bent, are annealed, together with machine bent pipes for a similar 
purpose. 


As the bending of pipes cold is carried out so expeditiously, a description of the machine known as 
the ‘* Bonn Tube Bending Machine” may not be out of place. 


A photographic representation is shown in Fig. 18a, and a diagrammatic plan in Fig. 18b. The 
machine is made up of a framework A A which can be operated backwards and forwards along a bedplate 
by means of ram D, F is a moveable bridge which slides along guide rods B B secured to framework 
A A and can be fixed temporarily in any position to take the end of pipe G. _C is an independent sliding 
framework operated backwards and forwards by ram E which carries the rod H and mandril J 
around which the pipes are bent, and is used to retract the mandril to allow the bent pipe to be 
withdrawn. 


X and Y are “slippers” and “ grippers,’ X allows the pipe to slide through it and acts as guide, 
while Y grips the pipe and takes the end round the bend. Y can be adjusted along the length of a 
rotating arm which is attached to trunnion Z. This trunnion can be adjusted backwards and forwards 
by means of a screw W, thus altering the radius of the bend, the minimum being three times the 
diameter of the pipe. To operate the machine, the pipe is first coated inside and out with a mixture of 
soft soap and tallow in way of the part to be bent, and the “slippers” and “grippers,” X and Y, are 
placed side by side, and the pipe clamped securely. Stop F is adjusted to take the end of pipe G. The 
ram D working at a pressure of from 1,000 to 1,500 lb. per square inch is operated, pushing the pipe 
over the mandril J, The angle of bend is obtained from sketches or a template, and a pointer with 
graduated scale on the trunnion head shows when the requisite angle of bend is attained. To support 
the pipe Just clear of the “ gripper” Y for large angles of bend, an arm is clamped with a screw K which 
rests against the outside of the pipe. After the pipe has been bent the ram E withdraws the mandril, 
“ripper” Y is removed and ram D can be used to push the pipe clear of the mandril and rod H, 
yalvanized pipes can be bent by this machine without damage to the galvanizing. 


Two sizes of machine are in use in the shipyard, having a range of pipes from 2 ins. to 6 ins, and 
1}, ins. to 2 ins. inside diameter. The maximum angle of bending is 250 degrees and a radius of from 
1 ft. 10 ins. to 4ft. 6 ins. depending on the machine, can be obtained. For different outside diameters 


of piping the sleeves in X and Y can be changed, and for different internal diameters various mandrils 
can be used. 


The advantages of the machine are that no filling is necessary before bending and that the pipes are 
bent cold and not fired; consequently there is no scale or burnt-in sand and possible puckers at the 
inside of the bend ; but the main advantage is the speed and simplicity with which pipes of all diameters 
used in the shipyard can be bent. No annealing is necessary and there is no undue stretch on the pipes 
such as occurs with those fired, and on examination of a section of a pipe at the bend, only a slight 
reduction in thickness can be noted at the outside of the bend. 
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BLACKSMITHS, 


As already indicated, the introduction of the oxy-coal gas burner dispensed with the intricate forgings 
that at one time were made by the blacksmith ; these are now cut out of the solid plate, thereby reducing 
the cost while retaining the nature of the steel. 


A case in point is mast bands. These are marked off so that the eyes are with the grain, but if any 
of the eyes come across the grain they are marked off with the grain as much as possible, heated ‘after 
cutting and set to the desired angle then. When the masts are constructed and the exact diameter is 
ascertained the inside of the rings is machined to the correct size with due allowance for heating 
and shrinking them on. This heating and shrinking on and cooling out without quenching is considered 
sufficient annealing. 


Although some of the heavier forgings are thus done away with, all guard rail and awning stanchions, 
the making and fitting of iron ladders, forged davits, and the like, are still carried out by the blacksmith, 
as are heavy eye plates for securing cable gear, and eye plates for deck fittings. 


Steering chains ordered in long lengths to Lloyd’s and B.O.T. tests, are cut off to the required 
measurements, their end links forged to suit the tested shackles, then they are re-tested. 


Goosenecks to take the ends of derricks are all forged out of the solid bar and machined to suit. 
Derrick head bands when in halves are of forged steel. Links are either round section and smith welded 
or burnt out of flat plates. All cargo running gear is tested and stamped to half proof load by the smith. 


SHEET IRONWORKERS, JOINERS, ELECTRICIANS AND RIGGERS. 


As soon as the vessel is sufficiently advanced on the slipway the sheet ironworker, joiner, electrician 
and rigger proceed with the fitting out. 


Ventilation trunks and the like having been made in the sheet iron shop, when the vessel is ready to 
receive them the leads are put in and connected up, according to the system of ventilation in use. Store 
rooms and crew’s accommodation spaces are fitted out with galvanized sheet iron cupboards ; lockers and 
benches, and galvanized wire or expanded metal divisions are fitted where necessary. 

After the vessel is launched and the propelling machinery is installed, the deck plating and casings 
left portable for that purpose are closed up and the spaces around, which are generally used for accommodation 
or store rooms, are fitted out. 

The furniture is prepared in the joiners’ shop; the linings, ceilings (if fitted) and deck coverings 
are dealt with at the ship as soon as the steelwork is completed, scaled and painted. The joiner fixes his 
grounds to existing stiffening or lugs provided for the purpose and as the panelling is generally made of 
plywood of various face finishes, large areas can be dealt with expeditiously. To prevent creaking, felt is 
used at spots where movement or rub is expected, the greatest source of creaking being the end grain of 
the tenon in a mortise; if the wood containing the mortise shrinks, it leaves the tenon proud and 
any movement causes the end grain to rub. 


The electrical installation does not come within the scope of this paper, but mention is made of that 
section of the electrical side which deals with wiring for lighting and heating in the accommodation spaces, 
where the electricians and joiners work in conjunction. Wires are led behind panelling ; leads are taken 
through the divisional bulkheads to switches and the like, which are secured to the linings. Where it is 
impossible to obtain a lead in this manner and the wires have to be covered by the panelling, they are led 
through tubes to avoid risk of fire. 


With regard to the rigging department, although a large amount of preparatory work is done in the 
rigging loft, most of the actual fitting out takes place after the vessel is launched. Masts and derricks, 
samson posts and boat’s davits, if not put into position on the slipway, are erected when the vessel is 
under the crane in the fitting out berth, and all rigging, stays, purchases, and the like are fitted as required. 

The lower ends of the standing rigging can be either spliced or seized. Some owners specify that 
both ends of the standing rigging be seized, so that they can be changed end for end. This adds to the 
life of the wires as the lower ends deteriorate sooner than the upper ends. Manila ropes are not usually 
tested, but those used for boat’s falls must be guaranteed up to B.O.T. requirements. All blocks and tackles 
for derricks are fitted and tested in accordance with the Factory Act Regulations, and certificates issued. 
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PAINTERS. 

Now that ship construction is being speeded up and it is difficult to obtain delivery of steel, the 
time that this material has for weathering in the stock yard is shorter. The effect. on steel plates of 
punching, shearing, bending rolling and flanging, is to break the surface of the scale and in consequence 
oxidisation takes place rapidly. 

Steel plates differ considerably as regards surface, there being varying thicknesses of mill scale. 
Some steels rust more easily than others, and the oxidisation throws off the mill scale in a short time ; 
with others wire brushing, scraping and stoning will not remove it. Uneven or excessively heavy scale 
does not oxidise so easily. Although plates are cleaned, scraped and wire brushed it is not always 
possible to remove the whole of the scale; shallow spots are difficult to remove. 

The most efficient means of obtaining a satisfactory surface is by pickling in dilute hydrochloric 
acid and then washing down with fresh water. If the plates are washed off with lime water after 
pickling, the whole of the scale will be removed and the acid neutralised. Unfortunately this is a very 
expensive method of obtaining a good surface for painting, and in merchant practice is generally confined 
to the underwater portion of the shell plating, but where a good appearance of the side plating is desired 
the plates above the light line are sometimes pickled. After cleaning, if the steelwork is coated with a 
slow drying paint, the particles of scale not removed will become saturated and after a while will loosen 
under the paint and be thrown of; whereas with a quick drying paint the particles of scale do not 
become saturated and consequently corrosion is arrested until such time as the surface of the paint 
cracks and the air gets in. 

Pin points of corrosion may appear on the surface of the paint and air and moisture will then cause 
corrosion to take place locally and large patches of paint will be thrown off. If steel is not clean it does 
not matter what type of paint is put on, corrosion will ultimately take place. Frost and warm sunshine 
alternately will bring away the heaviest scale in a few weeks, but if there has been no such weathering, 
the scale will be very difficult to remove. 


From the point of view of cost it is preferable to spend a little more time and money on the first 
cleaning. Although early coating shows up defects and missed work, it is better to allow the steelwork 
to weather as long as possible before coating, so as to ensure the removal of all mill scale, 


Paint spraying as applied to shipbuilding does not appear to have met with success. The moisture 
in the atmosphere mixes with the finely divided particles of paint and is deposited on the steelwork, 
causing the sprayed paint to come off in sheets after a time. This can be remedied somewhat by 
introducing a filter for the compressed air, but even then the first coat seems to require to be brushed 
over after spraying, as it remains in beads on the surface and does not enter the grain of the steelwork 
as is the case with hand painting. 

For the removal of scale from ship plates hand and mechanical means are employed. Sand blasting 
gave excellent results, but this method proved injurious to the health of the workers and Was 


discontinued. A form of sand blasting using crushed shot instead of the fine silica sand is now 
being used. 


Pant DEPARTMENT. 

No notes on “Shipbuilding Practice” would be complete without some mention of the Plant 
Department, which ensures the smooth working of all the machines in the platers’ shed, and examines 
and repairs as necessary, all punches, dies and shears so as to ensure that no rags are left on the plates 
after punching and shearing. 

Pneumatic riveting hammers, drilling machines and hydraulic riveting bears are periodically 
overhauled so that they are always available for use. Yard cranes, overhead travelling cranes in shops, 
tower cranes alongside slipways, docks and fitting out basin, floating cranes in fitting out basin and 
travelling cranes at dock sides are systematically overhauled and examined to prevent accident or 
stoppages. Material outside the range of cranes is transported by means of three-wheel tractors drawing 
trailers. The trailer is dropped and unloaded, while the tractor proceeds to get another load. The wear 
and tear on these vehicles is heavy and their overhaul and quick repair is very necessary. Mains for 
compressed air, hydraulic pipes and electric leads are examined at regular intervals. 

Altogether anything that would prevent the smooth running of the yard plant is attended to by the 
Plant Department. 
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DEFECTS FOUND IN PLATES AND SECTIONS AFTER DELIVERY. 


The ends of bulb angles and channels are sometimes found to be slightly twisted at the heel or toe 
where cut off at the rolling mill and this prevents the bars from faying properly when fitted. In cases 
of this nature where the defect is only ascertained at the ship, it is necessary to heat the junction of the 
web and flange and screw up with a bolt in each hole at the bar end before riv eting. 


With the new standard sections, especially bulb angles, where the bulb is heavy and the web 
comparatively thin, the frames when bent buckle considerably in the web and require additional work to 
be put into them to ensure a fair surface where they fay on the tank side brackets. Sometimes the web of 
a frame on heating in the furnace will blister, which necessitates its renewal. 


In recent rollings of bulb angles it has been found that owing to a clearance between the faces of the 
rolls in way of the toe of the flange, an exuded lip is formed which must be chipped off. 


Although satisfactory surface and edge examinations have been made at the steelworks, cases do come 
under notice where plates have been found laminated in the centre, shown through the punchings coming 
out in two pieces. 

In joggling frames, if the joggle is rather sharp, reeding of the edges occurs, and when these are not 
of great depth they have to be veed out, electrically welded and buffed. Frames have been found, however, 
where the reeding was so bad that they were renewed. Fractures in the root of joggled frames have 
occured if the support to the web in the joggling machine at the bottom of the joggle has not been rounded 
off enough, and ile have had to be veed out and electrically welded. 


The 17 in. channel bar longitudinals for oil tankers have been found with scores on the flanges filled 
in with a carbon like substance which is not apparent until the mill scale has been disturbed by punching 
holes in the flange. Where the scores are not too deep they are veed out and electrically welded. 
On occasion plates have been delivered heavily scored due to some abrasive material having been allowed 
to get between them. In some cases these scores have been veed out, electrically welded and buffed, but 
if too deep it has been necessary to renew the plates. 


Sometimes it is specified that shell plates be pickled up to the load line or down to the light line and 
when these are washed after pickling, defects on the surface due to extraneous material having been rolled 
in, are apparent ; also laminated plates are sometimes found, and if after dressing up the surface 
the reduction in thickness is small and local, the plates may be accepted. But should there be any doubt 
as to whether the whole of the lamination has been removed, the plates require to be renewed. 
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ON 


Remarks on Shipbuilding Practice. 


T. SOwWDvEN. 

The occasion appears to justify the effort of one whose modest estimate of his oratorical 
powers has hitherto kept him seated and silent. As a fellow apprentice of Mr. Jackson I want 
to thank him for giving the he to mueh of the unfriendly eriticism that is often directed 
against the “dockyard matey.” The amount of time and energy used in the collation of all 
the information given in this paper must surely impress you with the injustice of the usual 
innuendoes. Actually, I believe the paper before us only represents a portion of Mr, -Jackson’s 
efforts, as the reading Committee of the Association will, I think, confirm. 

From the point of view of discussion it may have been more appropriate if the paper had 
been read at one of our big building centres, for the London Outdoor Surveyor is cut off almost 
entirely from new construction. We are, however, the more indebted to the author for refreshing 
our minds on the up to date methods which we hope will be of direct concern to us in the 
future. There is little I have to offer in the way of criticism, but the reference on page 17 to 
the use of Borneo White Wood and similar woods for deck sheathing is contrary to our experience 
in this district, where some Owners have declared their intention of discontinuing its use. 

One of our engineering colleagues has called my attention to the inconsisteney of the author 
in regard to the staggering of rivets in shell lugs referred to on page 13 and shown in the 
illustrations in line, but I pass this by as unworthy of mention, Another makes feeling 
reference to the paragraph on page 25 regarding the dressing of manhole edges. Much could 
be said with regard to welding practice and testing. Those of us who have been called on to 
supervise the preparation and testing of test specimens have considerable difficulty in explaining 
the scientific basis of the various regulations. The “give and take” principle seems to have 
been a governing factor in what degree of agreement has been reached. It may well be that 
the time has arrived for a scientific investigation of this important matter by representatives 
of all the interests concerned. 

Mr. Chairman, we weleome tonight a highly respected outport member and thank him for 
lus contribution to the Society’s transactions. 


G. BucHANan. 


During the past few months, reports on the shipbuilding methods employed in various 
foreign countries have passed through my hands, and several differences between these methods 
and those mentioned by the author are noticeable. It is stated in the paper that shell and deek 
plates are knifed to take swelled neck rivets, straight neck rivets never being used in these 
parts. The predominant practice in foreign countries is to use straight neck rivets in all 
drilled holes. Tn some countries where a plate is drilled and an angle bar punched, a swelled 
neck rivet is used attaching the bar to the plate, but in other countries the bar is sabpunched, 
reamed out to take away the taper due to the punch, and straight neck rivets used. While it is 
essential that straight neck rivets should not be used in a punched hole, and where some holes 


» 
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are punched and some drilled there is always the danger of this happening, it seems to be rather 
unnecessary to go to the trouble and expense, however small this may be, of knifine drilled holes 
in order to fit swelled neck rivets. 

Another notable difference is the amount of shell plating lifted from the ship and the 
fairing of the frames by ribbands. In continental countries the practice is to prepare all the 
shell plating, except the extreme end plates, from loft templates or battens. The plating, both 
inside and outside strakes, is expanded in the loft and the shell plating is erected at the same 
time as the frames, and only in exceptional cases are ribbands used for fairing the frames. This 
practice entails the erection and fairing of the side shell up to the lowest deck before riveting 
commences above the bilge and there appears to be no trouble experienced through the weight 
being taken on the tank side brackets. 

The author states, with regard to drilling machines, that these are not economical unless 
working to capacity and that time is lost in drilling single plates. There seems to be some 
divergence of opinion as to the number of plates required to be drilled at one time before 
drilling pays, as compared to the one man punch. Some authorities claim that with two or 
more plates being drilled together, drilling pays, but for single plates the one man puneh is 
cheaper. This will depend on the amount which is saved by the single plate being marked 
instead of two, and I would like to ask the author if he could give us some idea of the 
comparative prices in the Liverpool district. The advocates of drilling state that the amount of 
reaming and recountersinking is very much reduced as compared to similar work when punched, 
but this appears to be a claim which is based on inaccurate punching, although it might quite 
possibly be true. 

Mr. Jackson does not say anything about the type of punches which are fitted in the 
punching machines. In continental countries the “nipple” punch now appears to be universally, 
used, This tool has a small projection which centres on the pop mark in the plate and ensures 
that the punch is in the right position. While I do not want it to be thought that I am 
advocating the practice abroad as better than that at home, I would like the author’s valued 
opinion on the diserepancies whieh are so evident. 

Mr. Jackson has given us a very fine description of the multi-operator welding equipment. 
There is one point on which I would like him to furnish some further information and that is 
the open cireuit voltage of the D.C. installation. Some time ago a description was eiven of a 
similar installation, and the open cireuit voltage was 40 volts. This appears to be low for 
ease in striking the are, although the lower this figure is the less energy is taken up in the 
resistances. With regard to the automatie welder described it seems that its application is 
limited unless the yard layout of lifting appliances is such that preconstruction and assembly 
of large parts can be carried out. As the machine is confined to the welding skids, to eet full 
use from it the cranes have to be capable of transporting’ to the building berths the laree 
structures which can be welded at the skids. 

Keel plates, where duct keels are fitted, do deflect considerably on keel blocks in dry doek 
and the brackets advocated by the author would eure this to a large extent. The only objection 
is that the duct keel is generally so full of pipes that it is diffieult enough to traverse and with 
these brackets and the pipes arranged to clear them. it would be practically impossible in the 
duct keels with which I am familiar. 

Finally, I would like to thank the author for the very instructive and detailed paper which 
he has given us, and he can rest assured that it will be used as a reference on many oceasions. 


A. T. S. SHEFFER. 

T should like at the outset to associate myself with remarks of Mr. Sowden and ny other 
colleagues in congratulating Mr. Jackson on the wealth of information he has gathered, and on 
the very able manner in whieh it has been presented to this Association. To take part in this 
discussion and to have the opportunity of receiving the views of the author of such a paper T 
feel is a great privilege. 
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Turning to page three of the paper where the author comments on the practice of preparing 
the shell plating from the loft and by means of multiple punches, I find it diffieult to 
understand why a method at present in operation in other parts of Great Britain should have 
been found impracticable in the Liverpool district. I would have thought, even though it was 
necessary to completely plate the vessel before riveting operations were commenced, ‘with the 
bulkheads solid and in position, and the tank margin brackets carefully and properly bolted, the 
risk of collapse would be negligible. 

Referring to Mx. Jackson’s remarks that moulds for tank margin brackets are only made 
where a number of brackets are alike, I should like to ask what method is adopted at the fore 
and the after body where almost every bracket is different. My own experience is that moulds 
are made in the loft for ever v bracket, one mould serving for a number of brackets where they 
are alike or very nearly alike. On the same page there is a statement ‘full size holes are now 
punched in the beam ends and knees, previously only tack holes were punched in the beam 
ends.” Surely this double handling of large heavy beams could be avoided if full size holes are 
punched in the beam ends in the first place, and only tack holes in the beam knees; the full 
size holes being marked on the beam knees in position, after erection and the fairing is completed 
and the holes either drilled in position or the knees removed and punched. This would also 
ensure more accurate workmanship. 

The reference made to the coffin plate being left long and the plate cut in position rather 
surprises me. I thought these old fashioned methods had died long ago. My own experience is 
that the coffin plate is accurately prepared without trouble before being taken to the ship, and 
if the plater and loftsman know their jobs there is no reason why this should not always be 
done, for it is not only cheaper but it also ensures the stern frame being correctly placed. 


I find it difficult to understand just what is meant by the statement that the more correct 
method of fixing the draught marks would be to sight the vessel in drydock just prior to trials. 
As the vessel is continually either hogged or sagged according to the conditions of loading, any 
error between the maximum draught amidships as obtained from the draught marks and that 
obtained from the centre of the dise corresponding to an assigned summer freeboard due to 
the moulded depth having been measured at the ship and a mean for port and starboard 
taken, would be either nullified or magnified according as to whether the error was a plus or a 
minus and the vessel hogged or sagged. I think, therefore, it is immaterial whether the draught 
marks are marked whilst the vessel is on the slips at the shipyard or in drydock 

Referring to the remarks on page 10 as to the manner of plating longitudinal bulkheads, I 
think it would simplify construction and avoid awkward little spots at the junction of the 
vertical seams and the bulkhead top angles if a longitudinal curtain plate was introduced in 
addition to a longitudinal bottom strake. Why it should be more difficult for a plater to 
correctly mark off and fit an “in and out” bilge plate than an outside or an inside plate I do 
not understand. The plate is usually marked from the ship, the template being bent over small 
packing pieces of thickness equal to the mean thickness of the plate, plus the thickness of 
any packing if the plate is outside or “in and out.” As there are always flat or full parts in 
the template, the true girth is never obtained and a slight error creeps in no matter what 
manner of plating is adopted. This error, however, is so small as to be unnoticeable when on 
the ship. Similarly, I would suggest rma the very doubtful advantage of fitting square 
shoulder searphs does not justify the extra cost. The final quality of the job depends on 
the man at the ship, and whereas with perenne bevel shoulder searphs the caulker has merely 
to take care not to cut through the thin part of the searph, with the square shoulder searph 
very great care has to be taken in the preparation of the plates, and even then an occasional 
wide butt appears, which means the insertion of a caulking piece; hardly a satisfactory job 
for a shell. 

[ think the shoddy practice of using “spots” of weld metal whenever a difficulty presents 
itself, which is creeping into shipbuilding, is greatly to be deplored. I am referring in 
particular to the author’s remarks on the welding of seams of shell plating where they fay 


on to the stem. If the plating is not a good fit at the knuckle, the use of a tap rivet helps to 
draw the plate in to the stem bar, whilst if welding is adopted, the defect is merely covered up. 
Ships are particularly vulnerable to stem damage through collision, and with the present method 
of using tap rivets, the repairer knows exactly where he is working, but with the 
indiseriminate use of welding, I am afraid one can visualise cranes being pulled into the dock 
bottom occasionally in the future. 

I was particularly interested in the author’s suggestion of fitting a vertical strake at the 
stem, as IT made the same suggestion some years ago in a Paper I gave to the graduates of the 
N.E.C. Institute. Not only would this save considerable expense in eventual repairs, but if 
would also solve the riveting difficulties where the fineness of the stem makes it impracticable 
to rivet the foremost spaces. 

I agree with the author’s remarks on the stiffening of duct keels, but I think fitting a half 
depth diaphragm at every third frame should be ample. 

The greatest difficulty I have experienced with built up engine seatings in motorships has 
been to keep the tank top watertight or oiltight. After increasing the size of angles and 
increasing the diameter of the rivets, ete., the seatines have usually to be reinforced with 
welding, both the girder connections and the connection to the tank top. In an existing ship 
it is always very difficult to obtain a satisfactory job owing to the dirt and to the awkward 
corners in which the welder has to work. I think the adoption of all welded seatings or of 
“riveted and welded” seatings would eure the disease. 

A lot of unnecessary expense and trouble would be avoided when checking up the height of 
the bulkhead to the 12 in. spiling to beam at side, if the shell angle and deck angle were cut 
about 12 ins. short and left unriveted for a further 12 ins. to 18 ins. A template of the corner 
could then be made after the vessel is properly faired and an angle shoe fabricated by 
welding and fitted. This same method of preparing and fitting angle shoes could also. be 
much more satisfactorily adopted in the cases shown on Figs. 14(a) to 14(e). When the 
welder has to work in a three sided corner and particularly when the welding is of the 
overhead and vertical overhead type, as at the junction of shell deck and bulkhead, my own 
experience is that a most unsatisfactory job has resulted. The welding operator cannot get 
under his job as he ought to; either his sereen hampers him or the sparks falling back on 
him prevent him seeing, and the result is he works blindly most of the time. Where an angle 
shoe, fabricated in the shops, is fitted and the butt joints are kept a reasonable distance 
from the corner, it is a comparatively simple job to weld the butt joints in position. Whilst 
on the subject of bulkheads, I would be pleased if the author would explain how the channel 
beam shown in Fig. 14(h) was made gas tight, as my experience of fitting stoppers is that of 
the author’s, that is, they are burned in the process of welding. 

I do not understand what the author is referring to in his remarks on distortion due to 
the plate being drawn up to the claws when the punch is extracted. If the punch and die are 
in good condition, and they must be if a large “rag” on the hole is to be avoided, the punch 
should leave the plate eleanly without drag, and I think in most eases the plater and _ his 
helpers see that this is so, for their own eomfort. 

Surely the only objection to short rivets is not that they spoil the appearance of the 
job. I would say that short vivets should not be allowed on any account, for, apart from 
appearance, they rapidly corrode and if they are in the shell below the load water line. the 
hollow caused by the short rivet sets up an air attack with the result not only the rivet, but 
the plating round the hole, is rapidly eroded. 

Referring to the author's remarks on the welding of complex structures, I would 
suggest the only hard and fast rule to observe is to keep heat out of the job Whilst abroad, 
[ had to tackle some very difficult welding jobs, including the welding of east iron, cast steel. 
copper and brass, ete., and on one occasion the blades of a bronze propeller. Unfortunately, 
in most cases, it was a case of being between the “devil and the deep blue sea,” as it meant if 
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the job could not be done either the mill concerned had to stop for at least three months until 
a new structure was obtained from Great Britain, or in the ease of a ship, she would be laid up 
in port. 1 ean truthfully say I never once had a failure, though in some cases to prevent 
distortion and the possibility of fracture due to varying thicknesses of material, the welder 
was only allowed to do a run of not more than two inches with a 10 gauge electrode, allow 
the job to cool carefully, peen the weld, and repeat the performance using the step back 
method whenever possible. This, of course, means time and money, but it is the only way to 
obtain a sound sueecesstul job. 

| think a number of the difficulties in construction, and the subsequent leakage of gusset 
plates, would be avoided if the method of one of the Tyneside shipyards was more universally 
adopted. The margin plate consists of a flat plate having a continuous top angle, and the 
gusset plate is flanged well clear of the top angle and forms the wing plates of the tank top. 

I should have thought that any material having a flaw or blemish in it would be returned 
to the mills. Even though it is only scored, if it is deep enough to require to be built up with 
weld metal there is justification for the rejection of the material. Apart from the fact that 
one expects a new structure to be at least free of blemishes in the material, I feel that when 
scores in plates are built up with weld metal, there is one spot where corrosion or grooving will 
eventually take place. 

Kk. W. BLocksinGe. 

The paper presented by Mr. Jackson comes at a most opportune moment, when the 
shipbuilding industry needs all its available resources to cope with the demand for new 
tonnage, and in this respeet the author draws attention to some of the difficulties with which 
the builders are hampered under present conditions. Throughout the lengthy period of the 
depression in shipbuilding efforts were not made to stimulate research into subjects associated 
with the industry and few inducements were offered to young men to enter shipyards for 
training. The technical branches of the universities were more or less empty of British 
students, and provided a great contrast to the number of foreigners who received educational 
facilities at these universities and were supported or assisted by their respective authorities at 
home. The subject was considered of such importance that following the reading of Mr. Lloyd 
Woollard’s paper on “The Education and Training of Naval Architects” in April, 1936, the 
Institution of Naval Architects elected an influential sub-committee to consider the whole 
question of the training of Naval Architects and the inducements offered for their employment. 
The industry is, therefore, reaping where it has sown. 

Time prevents one referring to many of the items in Mr. Jackson’s exhaustive paper, but 
there are one or two sections to which I wish to make reference. On page 17 of the paper the 
author gives particulars of a comparatively new timber introduced on the British market, 
known as Borneo White Wood in this country and referred to as White Seraya in the trade. 
It is a large tree which grows in North Borneo in association with red seraya, is comparatively 
soft, of medium weight and of correspondingly average strength, rendering it useful where 
ease of working and handling rather than great strength is to be desired. The Empire 
Marketing Board has done much to introduce Empire timbers to the British market, and it is 
interesting, therefore, to hear from Mr. Jackson that White Seraya is durable and effective 
for the purpose of deck sheathing, although I have heard from other sourees that it discolours 
quickly. 

On page 29 a reference is made to the unsuccessful use of paint spraying when applied 
to shipbuilding. It was in 1905 that I first saw the machines introduced on a battleship for 
painting the ‘tween decks of living spaces. At the conelusion of the trial it was decided to 
diseard the method, for one reason because the trade at that time did not appear to be 
favourable to its introduction. Since that date, however, the apparatus has been perfected to 
such a degree that picture posteards can be coloured with a simplicity of control. It is 
surprising, therefore, that the experience of shipbuilders as expressed by Mr. -Jackson indicates 
that the method is of little value for the purpose intended in a shipyard. 
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The reference to the question of riveting on page 19 is one of the most helpful sections of 
a very useful paper for the members of the Association and I would like to take the liberty 
of asking the author if, in his opinion, the hose-testing of the shell plating would minimise 
the faults of doubtful riveting or welding. 


On page 8 of the paper attention is drawn to the practice of the Board of Trade Surveyors 
in setting up the draught marks on the stem and sternpost before the vessel is waterborne. 
The responsibility for the accuracy of the draught marks rests with the Board of Trade in 
accordance with the authority of the Merchant Shipping Act of 1894, in addition to which 
lines are to be permanently and conspicuously marked on each side of the ship amidships 
indicating the position of each deck which is above water. When this is done the Surveyor 
signs the Certificate of Survey which is forwarded to Registrar of Customs from which the 
Ships Certificate of Registry is prepared. The draught marks are set up on the ship before 
launching as a matter of convenience to the shipbuilder and to prevent any delay in completing 
the papers for registration. 

The freeboard marks are placed on and cut in on the ship’s sides under the supervision 
of our Surveyors if the freeboards have been assigned by this Society, and this is usually done 
before the vessel is launched. Under these cireumstances there is justification for Mr. Jackson 
calling attention to the faet on page 8 that it is quite possible for the maximum summer 
draught amidships as taken from the draught marks and the draught caleulated from the 
centre of the dise corresponding to the assigned summer freeboard not being in agreement. 
It is my confirmed opinion that a discrepancy would be minimised if the draught marks and the 
freeboard marks were placed on the vessel’s sides when she is placed in a dry dock preparatory 
for her steam trials, or the marks marked temporarily before the vessel is launched and then 
finally checked in dock. The Society’s rules do not require a new ship to be docked before 
completion, but the owner’s specification usually makes this demand. 


W. MAcMILLAN. 


Whilst the author’s survey of the practice of shipbuilding as carried out on Merseyside 
is fairly comprehensive, I wish to raise a few points which may be of interest. The first 
concerns resistance welding, which process, no doubt, is well known to the members of this 
Association. The method has been adopted in the past for welding iron and steel sheets, pipes 
and pipe flanges, chain links, ete., and automatic and semi-automatic machines are available 
for these purposes. Now I understand that the process is being developed for the welding of 
structural parts, thicknesses of one inch or more being contemplated and it will be interesting 
to know if Mr. Jaekson has any information on this matter. 

My next point concerns flame cutting and its application in eliminating forgings and 
castings. Rudder frames have been built up from steel billets flame cut to shape, the main 
pieces, arms, and plates all being electrically welded and no alignment difficulties were 
experienced due to distortion, as the machine work was done after welding. Incidentally, it 
should be noted that it is not unknown for cast steel sternframes as delivered to the shipyard 
to be out of alignment. Now, besides eliminating the smithwork necessary in forging bands 
for masts and derricks by using flame cut bands, it has been found possible to eliminate the 
flame cut bands themselves by substituting flat bars having eves cut in their ends. The masts 
or derrick tubes had slots eut in them to take the bars which were welded to the masts or tubes 
at the slots. Another instance of the application of flame cutting was in the manufacture of 
parts for sliding watertight doors, the racks and pinions for these being cut from billets. The 
surface finish in all these cases was excellent, and no machine work was necessary on this seore. 
Whilst Mr. Jackson mentions a thickness of material up to 14 ins. this should not be considered 
a maximum, as a few years ago it was found practicable to cut accurately material of 18 ins. in 
thickness and, where machining was to be done, up to 21 ins. in thickness, and work involving 
flame cutting of this order was successfully carried out. With regard to light forgings such as 
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guard rail and awnine stanchions, these also have been climinated by using steel tubes welded 
at the extremities and, although the appearance of guard rails so constructed was somewhat 
unusual, they seemed quite efficient and no great difficulty was experienced with distortion of 
the top guard rail, which was also formed of tubing. 

Finally, I would like to have the author’s opinion on cold setting of side and bottom framing, 
as | believe this is a growing practice and that a machine is now available for imparting set and 
bevel at the same time to a pair of frames clamped together back to back. In conclusion, may | 
add my appreciation to that of my colleagues for a most interesting paper. 


J. RANNIE. 


This paper is of particular interest to me, as barely eighteen months have elapsed since | 
Was assisting in the management of a shipyard. Mr. Jackson has covered the ground so fully 
that it is diffieult to find anything further to add, but, with your permission, I would like to 
refer to a few points already in the paper. 

I know of one large vard where the shell is multiple punched, the skin strakes erected, 
and, when the deck stringers have been erected, the vessel properly horned, plumbed, levelled 
and faired, the frame brackets are riveted to the tank margin angles. The covering strakes are 
erected later. I understood that the main reason for some vards not multiple punching the shell 
is the large number of holes punched off the wrong side. The diagram showing the lay-out of 
Plater’s shed indicates no hammering slab. This is probably omitted on account of seale, but 
as the author mentions the multiple roller mangle I would be interested to know if a machine 
had been found capable of flattening plates }in. or under, thus eutting out the laborious 
hammering of door plates, ete. 


I do not agree with the author’s suggestion that draft marks should be put on when the 
vessel is in dvy dock. Many new vessels are dry docked before trial for the sole purpose of 
coating the underwater surfaces, thus permitting no time for sighting the keel, setting up the 
dratt marks, having them approved by B.o.T. and Owner's Representative, cutting them in and 
painting them. Moreover, preliminary marks would be required for checking calculations, and 
these might lead to confusion. A difference between the draft marks and the dise will be found 
throughout the life of the vessel due to loading. If, however, the keel amidships is kept 
slightly high during building, say $ in. on a 400 ft. ship (it will always come down, especially in 
partly welded vessels where the bow and stern tend to lift off the blocks), and if before the 
launch a line is sighted through say 6 ins. below keel at F.P. and A.P. and the keel amidships 
lowered, this sighted line ean be used as a base for draft marks and dise. 

It is difficult to understand the differentiation between longitudinally framed tankers and 
transversely framed ships when it is stated that the flat of bottom is laid at once in the former 
case and not in the latter. It is the practice in at least four yards on the Clyde and two in Spain 
to lay the flat of bottom first in every case. 

A paper could be prepared on the subject of “dropping the stern,” but would probably 
serve no useful purpose as it is not very important except in the case of vessels with special 
sterns, such as destroyers and cross-channel steamers. One ship gave the engineers so much 
trouble during boring out and afterwards that they maintained that if the stern of the ship 
was not possessed of the devil, the carpenter in charge was. Some yards purposely keep the 
stern high during buildinge—cruisers, 1} in.; destroyers, 1 in.; sloops, }in.; cargo vessels, § in. 
The stern of one large vessel was kept 3 ins. high, but failed to drop more than 1 in. 


The author states that it is very important to keep the ways level transversely. I presume 
he means corresponding port and starboard points to be level, as some yards incline the ways 
slightly towards the centre to facilitate the fitting of the packing pieces below the standing 
wavs. Mr. MeNeil, in his paper before the I.N.A., states that the Queen Mary’s ways were 
inclined lin, in 10 ft, Gins, while an American contributor to the discussion on the paper 
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stated that in American yards the inclination is sometimes three times as much, Some vessels 
are launched on curved ways. While wishing to add my thanks and appreciation to that of my 
colleagues who have already spoken, I regret to see that, in two short lines, Mr. Jackson disposes 
of the “Searcher,” that true friend of every Lloyd’s Surveyor. 


D. GEMMELL. 

I notice that on page 20 reference is made to refrigerated vessels and the methods of 
connecting frames to tank top plating and floors. The author remarks that by avoiding the 
fitting of frame brackets a saving in cargo carrying capacity is effected. Dispensing with these 
brackets has another important advantage from the refrigerating engineer’s point of view. 
Such projections into the insulation conduct very considerable quantities of heat from the shell 
plating and frames and they can only be covered with a thin layer of insulating material. 
These hot spots oceur about every 30 ins. over the whole length of the space. Projections of any 
kind should be eliminated in insulated vessels wherever possible for this reason. 

In insulated spaces, which are intended for the carriage of chilled beef in a concentration 
of CO, gas, it is essential that all steel work be very carefully executed, with fair holes 
and first class riveting in all seams. Even after such precautions it was found that considerable 
loss of gas took place through the seams and connections, and welding had to be resorted to in 
order to provide an effective seal. In the early cargoes of beef with CO, gas, about four years 
ago, as much as 2,500 lbs. of gas were lost in a voyage, but this figure has been reduced to as 
little as 200 or 300 lbs. since welding was resorted to. I would like to add my thanks to 
Mr. Jackson for his excellent paper. 


C. H. Srocks. 

Mr. Jackson is to be congratulated for tackling so comprehensive a subject—no mean effort 
to present so many essential operations within the space ustially alloted to a paper. With so 
wide a field and with such a theme—‘“to simplify construction and increase output”—the author 
may well feel assured of a good discussion and further contributions from those ports in which 
new construction predominates. New construction in the London district was at one time 
plentiful, but these days have long passed; even the speciality of shallow draft vessels is fast 
disappearing and there only remains, in new work, an annual output of a few tugs and small 
coasters plus a superabundance of barges which may call for special effort but no elaborate 
organisation. Method and workmanship, however, has been maintained, albeit at a cost which 
ill compares with other ports but, nevertheless, commands attention on account of particular 
respect for Owners’ requirements and ultimate need. 

My remarks, therefore, are not so much concerned with the various departments, procedure, 
plant and layout in the modern shipyard, so well described by the author, as with the finished 
product from some such yards. The introductory parag ‘aph rather stresses the simplifying 
of construction, good workmanship and increased output, but a frequent omission even in these 
yards is the failure to appreciate that, while certain methods of construction are well suited 
for fabrication and give satisfaction for a period, they are less well suited for maintenance 
and repair. The author recognises this in his statement on page 2—There appears to be a lack 
of contact somewhere in view of the fact that many mistakes recur.” 

It is probable that welded construction will, in respect of damaged material, entail more 
intricate and extended repairs than riveted work. The repairer will usually be denied that 
fine advantage—downhand welding on the skids. 

By virtue of keen competition, initial cost looms large in new construction and one 
concludes that the builder occasionally exercises his right under a not-too-complete specification to 
conform with “common practice” rather than adopt an improved arrangement whieh will add 
to the cost. One example may be found in the continued use of angle connections where T bars 
are obviously more suited for the purpose; another instance is the failure in some cases to 
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provide special close-fitted wear-resisting pintles and gudgeon bushes for balanced rudders of 
shallow depth-——undue wear at the pintles, in association with a secure watertight bearing just 
above the coupling, is evident cause for high stress in the coupling bolts when side slamming 
occurs at sea. For the same reason, streamline vertical couplings are preferable to horizontal 
couplings. Other instances could be cited all suggestive that full advantage is not taken of 
experience. 

There is, perhaps, increasing tendency to interpret the Society’s Rules as covering most, if 
not all, developments in design and all conditions of service, instead of minimum requirements 
to be amplified where particular need exists, hence the greater volume and more precise detail 
in each succeeding issue of the Rules—legislation which admittedly was not necessary when 
competition was less keen and builders were more anxious to give that extra bit of service which 
expressed their individual merit and was the means of retaining old clients. Nowadays few 
contracts are not in the open market. 

The author states that Owners pay the price for first class work and “claim” to receive it, 
but he might well have confided that nowadays, by force of circumstance, Owners seldom get 
more than they pay for—that is the not unusual opinion of those engaged on ordinary survey 
and repair work. 

H. J. Apams. 

Some months ago | was present at the destruction of some riveted joints in a testing 
machine. Owing to limits of size it was only possible to test single riveted joints of different 
plate thicknesses and various rivet diameters. The rivets had been closed by hydraulic means. 
Examination of the joints after breaking showed that in several cases the rivet had not 
completely filled the hole, so that considerable bending of the rivet had taken place before 
fracture. Probably this was due to the rivets not having been pressed up before completing the 
closing, as is advocated in the paper, and would confirm the importance of this in ship work. 
In other cases the plate tore away on one side in way of the rivet and the hole became oval. In 
these cases the probability was that the rivet size was too great for the plate thickness. The 
unfitness of single riveted joints in tension for watertight work, where considerably stressed, 
was clearly shown by the pulling of the two plates into line, which would soon destroy the effect 
of caulking, 

Further tests were made in breaking a plate in way of a punched hole, and a similar plate 
in way of a countersunk hole. The improvement in plate strength, due to the removal by 
countersinking of the damaged material around the hole, was clearly shown. Countersinking 
also, of course, assists the rivets to pull the plates together, causing considerable frictional 
resistance in tension and assisting watertightness. Tests were also carried out on 
welded joints and, as mentioned in the paper, several pieces broke clear of the weld. The 
different quality of the welding was evident in the different pieces. In the right angle welds 
no veeing was resorted to and the penetration appeared to be poor. It would be interesting to 
know the number of runs of welding for various plate thicknesses in the experience of 
Mr. Jackson, as the general practice appears to be a number considerably fewer than that 
advocated by. the electrode makers. 

A. Hourz (Bremen). 

I have to thank Mr. Jackson for his description of the methods of dealing with many 
very important items in shipbuilding practice. As in the second paragraph of the introduction 
of the paper the author invites contributions describing work at other centres, the following few 
remarks are made regarding some details of shipbuilding as now practised in the Weser district 
of Germany. 

It is eustomary here to arrange the strakes of the shell-plating and generally to draw up 
all workshop plans in such a manner that as great a quantity of material as is possible can be 
prepared, riveted and caulked or welded downhand on skids before the erection of the vessel 
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is commenced. This is advantageous, especially in badly accessible structural corners, and to 
avoid the use of wood ribbands, sufficient fairing strakes are prepared as such for the frames, 
see Fig. 1. This enables all the precautions to be taken during preparing and erection which are 
necessary in order to avoid any risk of distortion during construction and to minimise the 
time and cost of building. 

The shell plating, which is laid out in the shed and prepared before erection is commenced, 
is as indicated in shading in Fig. 1. These strakes are drilled and also the whole deckplating 
and plating of longitudinal and transverse bulkheads, inner bottom plating, ete., while the 
remaining part of the shell (unshaded in Fig. 1) is moulded on board and punched. Further, 
frames, beams, stiffeners, floors, webs and girders are punched. Punches are manufactured in 
all sizes graded in millimetres. In oiltight work mostly 1-5 mm. is left in rivet holes to be 
reamed off and 2-3 mm. in the bilge strake and a few other pieces, while on punched internal 
structural parts the rivet holes at their die-side have about the final diameter for riveting. 
The clearance between punches and dies is about 15 mm. for rivets of 16 mm. and 19 mm, 
and about 2:0 mm. for 22 mm. rivets, ete. 

Where the holes are drilled or punched and reamed off, straight necked rivets are used 
without exception and nowadays German standard snap head rivets are favoured, although 
they require a holding-on device which accommodates the snap head of the rivets. Reamed 
rivet holes are 1-0-1:5 mm. greater in diameter than the cold rivets. 

For stern frame searphs and similar items, turned rivets are used. In these eases the 
rivet holes are reamed off, if necessary, and the turned rivet bolts without head are cold 
driven into position, as are cylindrically fitted bolts, after whieh they are cut at both ends, 
heated by a blow pipe and the points closed from both sides at same time. 

Fig. 1, for instance, shows the shell plating of a common tanker type with three tanks 
abreast having transverse framing in centre tanks and wing tanks and five girders and webs 
in centre tanks and three side stringer decks in wing tanks and jogeled shell plating. One 
side of this shell has 198 plates altogether, of which 105 are situated in the most important part 
of the tanker, i.e., in the midship part between the bunker and forward cofferdam, As shown on 
Fig. 1, on each side about 126 shell plates or nearly 64 per cent of the total plates are prepared 
before erection and it will be seen from Fig. 1 that about 80 per cent of the midship shell is so 
prepared, These plates are shaded in Fig. 1. Shaped plates, marked with eross hatching, are 
dealt with by special covering moulds prepared in the mould loft. 

The whole of the deck plating, inner bottom plating, including also the covering strakes on 
bulkheads, girders, ete., are completely prepared for fitting in place before the erection of the 
vessel is commenced. The horizontal girders and webs are completely welded or riveted and 
then they are erected and later connected to adjacent members. The transverse bulkheads are 
partly riveted or welded with their horizontal stiffeners having no brackets at their ends, The 
longitudinal bulkheads, consisting of a bottom strake and vertically arranged plating, are 
erected by fitting first the bottom strake on both sides in single plates. The single plates are 
completely prepared and ereeted and afterwards, when sighted, these bottom strakes and the 
transverse bulkheads plumbed, then the erection of the vertical plating of the longitudinal 
bulkheads is commenced, This vertical plating is partly riveted or welded together on skids at 
the head of the ship with the vertical stiffeners and brackets permanently fitted. Welded 
brackets are provided with two check holes of 10mm. diameter, which correspond with two 
points on the stiffener as shown on Fig. 2. Jigs are not usual here. 


The erection of the vessel is dealt with in three parts, viz.: the erection of the midship 
part, the after part and the forward part. After the centre division of the midship part from 
bunker to forward cofferdam is erected, as shown on Fig. 3, and carefully sighted and plumbed, 
then the wing bulkheads, side framing with its three complete riveted or welded stringer 
decks, shell plating and upper deck are fitted. The construction of the after part of the 
vessel begins with the double bottom, peak bulkhead, webs, shell fairing strakes, frames, stern 
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frame, beams, deck plating, deck erection, motor casing and the fore part of the vessel in a 
similar manner in accordance to a special profile mould of forward bottom and stem lower 
part. Naturally, the connection of the three parts of the vessel which are not erected at same 
time requires special precaution to be taken, as the keel blocks of the middle part are somewhat 
pressed down below the base line owing to the heavy weights of the nearly completed midship 
portion on the blocks. Further, as the pressure on the keel blocks after complete erection of 
the vessel is greater at the ends of the vessel, it is a fairly common practice to lift up the base 
line at their ends about 12-20 mm. in order to get a straight keel line after the vessel is 
completely erected. These figures are governed by the fitting of prepared parts such as deep-tank 
longitudinal bulkheads, ete., which must brought on place before any considerable weights of 
the forward part are on keel blocks. Further, they depend upon the height of the blocks and 
the kind of oak wood, condition of surfaces, ete. Anyhow, it is a wise precaution to leave the 
rivet holes in the connections of the middle and end parts of longitudinal bulkheads and girders, 
ete., to be drilled later, and care should be taken in the erection, bolting up and starting with 
drilling and final riveting at the right time in way of these connections. 

As experience has shown, if the necessary care be taken in erection, sighting, plumbing and 
fairing, as well as during the development and preparing of the material, the result is throughout 
satisfactory, as it may be mentioned that unfairness, welding of blind or half blind rivet holes 
and renewal of condemned material very seldom occur. 

It is understood that the necessary precaution in erecting a vessel involves :— 

1. The arrangement and preparing of blocks and pillars. 

2. Watching erection of parts of the vessel by :— 

(a) Keeping the centre line of the vessel; 

(b) Plumbing each transverse bulkhead on both sides: 

(c) Sighting the longitudinal bulkheads on both sides, Fig. 3; 

(d) Checking lengths on keel, deck, bulkheads and keeping the transverse 
bulkheads in straight line by means of special steel battens which are prepared 
in the mould loft. 

3. Watching any deformation of vessel’s bottom by means of wood battens fitted 
against keel and side blocks in way of all transverse bulkheads (Fig. +). These battens 
are periodically watched during the whole time of the erection, riveting, changing of 
blocks for riveting and caulking, welding, tank testing, until launching of the vessel. 
Attention is drawn to Fig. 4, where x = 150 mm. and y = 50 mm. when the erection 
is commenced with the flat keel laid on blocks and d is about 30-40 mm. after all tank 
testing is carried out; depending upon the height and quality of the blocks and the 
weight of the vessel. 

Keel blocks for the aft end of the vessel, which are exposed to the tide water and alternately 
dry and wet, are loaded with heavy weights until the erection of stern frame and end parts. 

It is not unknown that ship owners sometimes prefer T bars as boundaries for O.T. or W.T. 
bulkheads. A difficult work is always caused at the end of the vessel's oil compartments, where 
such T bars, for instance at a transverse bulkhead, are turned and bevelled. This diffieulty is 
overcome in manufacturing these T bars in two actions as shown on Figs. 5 and 6, viz. : 

1. The shell flange is turned and the bulkhead flange is only bevelled to accord with 
a specially developed mould from the mould loft; and 

2. The bulkhead flange is turned on a square iron bar to the frame shape mould 
and the remaining bevel is checked as shown on Fig. 6. 

In order to have complete boundary bars in bulkhead corners and complete rivet holes in 
angle bars and plating where searphing or lengthwise arranged longitudinal bulkhead plating 
is not allowed, Fig. 7 shows a method using three smithed linings which allow uniform preparing 
of the plates and angles in way of the joggling. 
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Packing is generally not used in oiltight work with the exception of stop waters of oil-proof 
“Tenax” paper. These are provided where seams, doubling plates or angle bars cross an O.T. 
or W.T. bulkhead. On Fig. 8 is shown a stop water fitted in a double riveted landing in way of 
bulkhead boundary bars, while on Fig. 9 an interrupted stop water is shown in way of a 
welded bulkhead. The space between the stop water on Fig. 9 is pressed out with putty which 
eventually can penetrate into the air space between the two runs of welding in front of the 
transverse bulkhead plate serving here in the same manner as a stop water. 


Finally, a few remarks may still be made regarding the obtaining of a good surface fit 
when dealing with bevelled angles as shown on Fig. 10. Experience has shown that a 
certain sector of a heel of an angle bar shown shaded on Fig. 10, remain as nearly unaltered. 
Therefore the “I it-flange’ should be marked and left straight while the connecting-flange 1s 
bevelled. With regard thereto, care should be taken while marking plates in connection with 
bevelled angles and frames to take into account as far as practicable the value of “d’”—Fig. 10. 


EK. H. Dean (Liverpool). 


I would like to congratulate Mr. Jackson on this paper, which is so full of detail and has 
covered every aspect of a ship from keel to truck, but knowing Mr. Jackson as I do, it is just 
what one would expect from him. I do not propose to offer any criticism, but to make certain 
observations on one or two aspeets of the paper. 


For a number of years I surveyed, on behalf of Lloyd’s Register, the yard of Messrs. 
Cammell Laird, Birkenhead, at the period immediately preceding the time when Mr. Jackson 
took over the district, and on that account I am more or less conversant with all the procedure 
which is earried on at that vard; some forty odd vessels, of all types, were built during my 
time at the yard to the Class of Lloyd’s Register, and as quite a number were repeat orders 
from owners who had experience of the work turned out, this, I think, is its own recommendation 
for the type of work produced. 


Under the heading “Layout of Platers’ Shed,” paragraph 2, with special reference to “ready 
use stock yard under cover,” one wonders whether the pitting which has been so frequently 
found on shell plating of comparatively new vessels is not due primarily to the fact that the 
steel does not get a chance to weather. In my apprentice days material was ordered and lay 
in racks not under cover for a considerable time before being worked and it is common 
knowledge that more time was spent on the building of a vessel than at the present time, which 
enabled the steel to weather in the racks before being worked and also after being worked, on the 
stocks. If I remember rightly, the ultimate conclusions Dr. Montgomerie and Mr, Lewis drew 
in their Paper on Corrosion was that mill scale was the primary cause of much of the pitting 
which was so common reeently. 


Turning to the bottom of page 13 and the paragraph relating to Duct Keels, the following 
experience may be of interest to colleagues :— 


In one of the dry docks at Liverpool a number of the keel blocks were in course of repair 
and alteration; a bateh of the wood blocks on top of the east wedge shaped blocks had been 
renewed ; before, however, the alterations had been completed, a large vessel with a duct keel 
was placed in the dry dock and unfortunately the portion of the vessel in way of the duct keel 
came in contaet with the partly renewed wood blocks which had also new wood cappings 
fitted and to make matters worse the wood cappings had not been very carefully laid and did 
not allow of the twin girders to straddle the cappings uniformally. The result of all this was, 
the portion of the keel plate in way of the repaired keel blocks was set up {in. and three 
keel plates had to be removed, faired and refitted. The remainder of the keel plates clear of 
the repaired keel blocks remained quite fair, I agree with the author that bottom brackets are 
essential when fitting duct keels. 
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On page 20, under the heading of * Welders” and special reference to “vessels for carrying 
refrigerated cargoes,” the practice of Heine: shell chock connections to the tank top plating 
and welding direct to the shell plating has proved to have serious consequences in service ; 
‘ases have come to my notice where the No. 1 D.B. tank forward runs flat out of the shell 
plating and is welded only and the after end of the tanks has a bilge. In three vessels built 
in this way the fore end of the tank is now fitted as a bilge, the floor at the break between 
flat tank top and bilge having been converted into an O.T. tank end—the necessity for doing 
this having been caused by excessive leakage in the vicinity of the welding at the flat tank 
top; this leakage was overhauled from time to time by re-welding, but without suecess, with the 
result as above. Up to the time of writing the strueture built with shell choeks has not given 
any trouble that I have heard of. 

On page 29, under the heading of ‘Painters,’ while surveying at Cammell Lairds, the 
Owners of several vessels specified that the underwater shell plates should be pickled, and it 
was quite common to have to throw out a matter of a dozen plates after pickling, owing to 
excessive pitting and lamination. 

Whilst on the question of paint, the following may be of interest :— 


Two sister ships were being built at Cammell Lairds econeurrently, and the steel shell was 
ordered from the same makers for both ships; one vessel was completed a month or so before 
the other; one ship had first coats of paint supplied by Cammell Laird and the other vessel 
paint supplied by the Owners. The ships eventually eame back to Cammell Lairds for six 
months’ dry docking. One vessel’s shell was perfeetly clean and free from corrosion ; the other 
looked as though it had been fired at wi pitted from stem to stern. 


A. G, AKESTER (Neweastle-on-Tyne). 

The author is to be congratulated on giving us such a comprehensive and informative 
paper on shipbuilding practice. He says it applies principally to the Liverpool distriet, and 
while there are many things in common in all shipyards, manifestly it would take another 
paper to describe, even in outline, the practice in say the Tyne or any other district. The 
best I can do, therefore, is to run through the paper, rather hurriedly, I’m afraid, and refer 
to a few items that catch my eve in a first reading. 

On page 3 the author says, “Mast rings, ventilator coaming and hateh coaming angles and 
angle rings for pillars are still the work of the angle iron smith.” In many yards, however, 
all these angles, with the general exeeption of the hateh coaming angles, are eliminated by 
welding direct to the plating. 


Page +—The multiple punch is still useful for floating dock construction. With the 
tensile strength of plates down to 26 tons per sq. in., shipbuilders often take a chance in 
ordering material of “ordinary” instead of ‘flanging quality,” even though the plates have to be 
flanged cold, and perhaps nine times out of ten it comes off. This does not apply, however, to 
the same extent with thick plates. 

Page 6.—Automatic welding machines are not in use yet in the local shipyards. A design 
suitable for use on board ship is being evolved, however, and this may prove of service. 

Page 11.—It is the practice in some local yards with three-ply work to punch the hole in 
the middle thickness of plating ,\, in. less in diameter and afterwards rimer out as necessary, 
and this has given uniformly good results. 

Page 12.—The bilge plating seems to be receiving more consideration from Owners. 
Sometimes it is increased in thickness, and in a recent ease the butts were made flush by the 
use of inside straps and in addition they were welded. The straps seemed quite unnecessary. 

Page 18.—In some tankers recently built on the Tyne, the Owners specified that bolts for 
screwing up the heavy tank top plating in the machinery space be placed in every rivet 
hole, and this was done. 
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Page 20.—The author feels that whereas in riveted work the spacing of the rivets indicates 
the difference between oiltight and watertight work, with welding there is no such indication. 
Personally, I am: a firm believer in the principle of the balanced continuous weld for all 
attachments. In butt welding it may at first seem strange that single, double, or quintuple 
butts may be, I was going to say, “equally” replaced by welding, but of course it is not actually 
so, since in some measure the thickness of the plating governs the rows of rivets, and in any 
case the welded butt has no need to be stronger than the plating it joins. The progressive 
yards are now combining riveting and welding on tank sides, tank tops and decks, in some 
cases the plating being disposed transversely. 


Boundary bars are also being eliminated on welded bulkheads, also stiffener brackets, especially 
in ‘tween decks. A greater use of T bars is being made apart from tanker work, as, e.g., at the 
tank side, though there is still room for the ideal section, the T bar being too thick and a relie 
of the past. Continuous tank side gussets are being welded direct to tank top, thereby 
eliminating what has always been a rather doubtful connection. Tank divisions are being 
welded direct to shell and tank top in double bottoms. Hydraulic riveting is used wherever 
possible, especially in machinery spaces and in tankers. With regard to the latter, I can 
foresee a modification of present general practice in the two longitudinal bulkhead type. In 
these the transverse bulkheads are stiffened vertically, but the T bar connections at bottom to 
take brackets of longitudinals can only be hyd raulically riveted at the skids in the double 
ply work and have to be riveted by hand, pneumatically, through the 3-ply, i.e, where 
stiffener, plating and T bar come together. It does not take much ingenuity to devise a 
connection where the T bars balance one another on opposite sides of the bulkhead, thereby 
being completely riveted at the skids (as in the old plain longitudinally framed tankers having 
bulkheads horizontally stiffened) and the vertical stiffeners being suitably connected to them. 
This is in faet now being tried out. In large tankers, also, T bars, reinforced by welding, are 
being used in lieu of double 6 x 6 angles for the connections of bottom transverses and their 
brackets and the longitudinal bulkheads. 


One other point, page 29.—Paint spraying is the usual method of painting in some of 
the local dry docks, though not all superintendents will have it. 


G. R. Epa@ar (Greenock), 


It is always interesting to learn of practice in other places, and in his paper Mr. Jackson 
has dealt with this extensively. That the seope is a little too large is perhaps the chief eriticism 
that can be directed generally towards it. 


Yard lay-out and plant vary a great deal, the governing factor in the former being the kind 
of site available and the line of supply of materials. General agreement will be accorded to the 
first paragraph on page 2 under “Lay-out of Platers’ Shed,” though the last two words of this 
title are perhaps not quite comprehensive enough. Amount of plant is governed principally by 
the type of vessel to be built and the methods in voeue and it is surprising what can be done 
with limited means. 


In Fig. 1 the avenue of supply of material is, I suppose, across the top, if its path to the 
slipway is to be as short as possible, though generally only a proportion of a desideratum of 
this kind can actually be obtained. Dependent on the type of vessels to be built, the space 
for skids for hydraulie riveting appears on the small side, and the frame furnaces small 
compared with the scrieve boards. Room for handling is an advantage at the furnaces and 
Inore space would appear of advantage there as also in the beam and casing part of bay “E.” 
[ suppose bulkheads and floors would be dealt with in “C” (though the serieve board is rather 
far away) and in that ease it would probably be of advantage to put the manhole punch there 
shown near the frame blocks. 
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The key to the putting together of the vessel is the method of erection adopted, and 
this is largely governed by the amount to be riveted (or welded) on the ground and lifted into 
position. It is essential the extent of this and the detail of yard methods be known and 
appreciated in the drawing office if the best results are to be obtained. Particularly is this 
necessary in work involving water or oil tightness. 


While Mr. Jackson is probably correct in saying that the greater part of riveting is done 
pneumatically, that is not always the case. Hand riveting is largely used in Greenock and 
Port-Glasgow, but there is some pneumati¢ riveting and caulking. Hand caulking, too, is still 
used, and in light work both hand riveting and caulking can be preferable. The adoption of 
pheumatie riveting is in most cases a question of cost when the additional plant costs with the 
pneumatie plant and repairs of tools is included. With the hand riveting it is noticeable that 
“tomahawking” is almost the universal practice, hardly any finishing off with hammers being 
done. So far as is known this appears an outcome of the war time. Pneumatie tools have, of 
course, special advantages in the awkward corners found in oil tankers at the longitudinal 
brackets and elsewhere and are, I think, undoubtedly to be preferred to hand in these eases, 
and elsewhere where the rivet size is large. The author’s pneumatic riveting goes also with 
pneumatic drills; here electric drills are almost entirely used. 


Electric welding appears slowly increasing in use, but is handicapped often by bad 
design. It is also too often regarded as something to be used in specially awkward places. 
The drawings which are approved show surfaces exactly fitting together and chamfered, while 
the production of this close fit is entirely another matter. The process offers advantages worth 
while but does not generally receive the thought and consideration required for the production 
of these. It is noted Mr. Jackson refers to pillar rings being smithed; pillar heads and heels 
are more often welded now, but this should not dispense with a bearing fit being first obtained. 
The welding machine has not yet made its appearance to any extent. 


I am afraid I do not understand the reference on page 10 to there being no cruciform 
arrangement with three tanks abreast. The practice in this district is to erect the longitudinal 
bulkheads, following with the centre transvers¢ bulkheads and then the transverse side framing 
and bulkheads in the wing tanks. With this arrangement the connection for the transverse 
bulkheads is fitted and riveted to the fore and aft bulkheads on the ground so that essentially a 
cruciform is formed. The difficulty mentioned in the sixth and seventh paragraphs at the 
top of page 16, which is an important one, can also be conveniently dealt with by small tack 
welds being used as the job is erected and faired. The amount of riveting done on the ground 
and the extent of punching for riveting when other parts are fitted on the stocks varies a good 
deal, but the proof of the pudding is in the eating and if the holes are good, with punching 
there is no need to drill or ream in place. T bar connections to oiltight bulkheads are, I think, 
better riveted hydraulically and caulked on the ground, and it has not so far been found 
necessary to leave this to be done on the stocks. The holes in the standing flange can be dealt 
with as mentioned above. This applies to the end connections of transverses and longitudinals. 


With regard to square shoulder scarphs both are favoured and it is agreed the square 
shoulder is more diffieult to fit. Any defect can, however, be covered up, but this is not the 
ease with the open searph, where if the edge is by accident too thin, it can be seen. The open 
searph is therefore preferred and should it be wide and the edge be cut in caulking, why, worse 
thines have been welded. 


Mv. Jackson is, I think, correct regarding docking with duct keels, but, as he is doubtless 
aware, there is normally no bracketting at all with the duct. At the same time there is, in my 
opinion, a deficiency in transverse strength in the normal case. 


With regard to Diesel engine seats, Figs. 9« and b, would not the author agree that the 
seating can be quite satisfactory without this bar, which I feel sure is not normal practice. 
Between the holding-down bolts there is double riveting of the horizontal flange which should hold 
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the top plate and heel together. With regard to the fitting of the engine holding-down bolts, if 
the plan of holding-down bolts can only be obtained in time, and it can, the majority of the 
bolts ean be properly arranged for. I do agree these ill fitting bolts are found, but if the 
work is properly designed they can be avoided. 

With drilled holes a clearance of ,!; in. is almost universal, but 4 in. would, in my 
opinion, be better, in particular for through rivets in forgings and castings. With long fitted 
rivets in the sternframe, which are, I think, desirable, if the rivet is driven into the hole leaving 
the head well projecting and this then be heated and driven home and the point heated 
afterwards, and laid up, the head would probably be found satisfactory. 

To effect welding always before riveting has not been found possible without effecting 
considerable change in shipyard procedure. Nor, if precautions are observed, is it thought to 
be of the importance that some research has indicated. Some few vears ago the whole of the 
lower decks of some 11,000 ton vessels were welded to the shell instead of fitting the ordinary 
shell lugs. At the time the deck rivetting, butts, seams and to the beams was complete, and 
owing to the time involved and the comparatively few welders available the welding was 
completed later, as time could be found. So far as I am aware these vessels have proved 
satisfactory on service. Care was taken to keep the work as cool as possible and in view of the 
small stress which would come structurally on the welding, on account of its amount compared 
with the riveted connections, it was not considered any appreciable risk was involved. 

In a replacement of the single plate of a large rudder which had had the arms shortened 
at some time previously these were extended by welding on new forged ends. The work was 
done with the rudder in place and the plate was first riveted to the existing arms. Due to a 
mistake the new ends of the arm were then rivetted in position. It was decided to make the 
connecting welds, whieh it will be appreciated were of some considerable size, with the two 
parts as they were. A little work was done at each in turn, and again this has proved satisfactory. 
In view of these and other similar cases it is not considered essential always to weld first. 

With regard to the fitting of gusset plates on page 25, countersunk headed rivets are 
fitted usually through the margin top flange and gusset plate. If the gusset is lapped and 
welded, as this can be done on one edge only, some countersunk holes have been bored in the 
gusset and these plug welded to the margin in addition. It is thought some such connection 
other than the gusset edge is desirable, at any rate at present. 

I have been interested in the examples of welding in lieu of smithed collars, and where 
the collars are used only for obtaining oil or watertightness, a smaller thickness than the plates 
involved can often adequately be allowed. The reduction in the amount of welding to the 
least necessary, and its performance while the work is accessible, are desirable but difficult to 
obtain. There are many other matters of interest in Mr. Jackson’s paper which would really 
require another paper to discuss fully, but time and space do not permit. The Association is, 
I think, indebted to him for the trouble he has taken in preparing his subjeet whieh will form 
a valued addition to the transactions. 


W. Batrour (Belfast). 

Mr. Jackson has given us a very comprehensive paper and I note in his acknowledgements 
that he uses the phrase “over a period of years”: the paper reflects that intimate knowledge 
of shipbuilding and shipbuilding practice that can only be gained by actual experience. 

As Surveyors we have many opportunities of seeing various shipyards under working 
conditions. In equipment they are very much alike; but the. process of keeping up to date 
is a continuous one. The practice, however, varies considerably, and this depends partly on 
the method of payment, the sub-division of the work and the lines of demarcation between 
one trade and another. For example, the riveting rates in this country include screwing up; 
but this is not invariably the ease, as in some vards abroad the plating work must be left 
screwed up ready for the riveters. Further, a squad of platers will take on a contract for the 
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shell, or for the decks or bulkheads, and are responsible for the marking off, punching, setting 
and assembling. This is the general practice here; but the work may be sub-divided, not unlike 
the work in a machine shop, i.e., marking off is one job, punching, shearing and assembling, 
all separate jobs. Working on the latter system, the method of working from loft battens 
and templates can be readily developed because price adjustment is easier. In considering the 
layout of any shipyard it is necessary to bear in mind the type of ship building and the general 
practice on construction. 

The author has written this paper at a period of transition when welding has overcome its 
troubles of infaney, and fairly rapid development may now be expected. Even at the present 
moment the space alloted for welding in Fig. 1 appears small, and I suppose a good deal of the 
welding on the skids is done in the open. With the present layout of shipyards it is a great 
advantage to the shipyard manager if the adjacent launching berth is vacant and can be used 
for assembling and welding bulkheads, crown of deep tanks, girders, ete. When this is not 
possible and when there is difficulty in transporting the material when welded, the bulkheads 
can be assembled on the tank top and welded while the vessel is framing. 

As regards the details of construction the sketches are typical of the present stage of 
composite work of riveting and welding, although I am pleased to note in Fig. 15 it is realised 
that the simplest method of welding is to assemble plates without angles. A number of the 
other details shown could be designed primarily for welding by stopping the angles about 
12 ins. from the corners and relying on welding two plates more or less at right angles. For 
a watertight floor in the double bottom at the top corner of the margin plate a very neat welded 
job can be made by stopping the margin vertical angle and the reverse frame clear of the corner, 
buffing or chipping the floor plate to the correct radius of the flange of the margin plate or, if 
necessary, building up by welding, prior to fitting the margin plate, then welding the two 
plates direct to one another. 

In deep tanks, after the welded bulkheads have been assembled in the ship, it is advisable 
to examine the corners with the echargeman welder and the jobbing plater to arrange the 
simplest method of welding these corners, the ideal being to avoid liners and double thicknesses 
and to get two fitted plates at right angles. 

In considering welding and the quality of welding it is as well to remember that for a 
riveted job a plater is paid to assemble material on the ship ready for screwing up. He is not 
paid to assemble material ready for welding and usually some adjustments are necessary to 
ensure good alignment for welding. Apprentice welders are trained to deposit welded metal; 
but they get no training in making final adjustments in fairing plating, and part of the 
difficulty the author has experienced in vertical and overhead welding may be due 
to malalignment of material. After the plater assembles the plating, the final adjustments 
are best made by the shipwright. Another source of poor overhead welding is defective height 
of staging. 

Boys, after their training period, have no difficulty in making good downhand, vertical 
and overhead welding samples, but once on the ship they have not attained that power of 
concentration to carry them through long periods on a job that comes to be monotonous. There 
is a lack of physical exertion, vet the job causes physical strain due to working in a eramped 
or crouching position. The job is a lonely one because no one approaches a welder at work on 
account of the flash; in a confined space the fumes are nasty, and working in the open, in 
inclement weather, the conditions are far from pleasant. Ex-caulkers and ex-riveters trained as 
welders can -accommodate themselves better to these adverse conditions compared with the 
young apprentice. Yet I have seen an apprentice welder with nine months’ experience carry 
out extensive overhead welding and make a splendid job. On another oceasion I saw a boy 
welding downhand on a deck; he was not looking through his shield but gazing around with 
a vacant look, yet his touch was so good he maintained his are and when I examined the run 
no exception could be taken to it. He had become a semi-automatic machine. I hesitate, 
however, to affix letters to this machine and describe the process. 
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With regard to the author’s remarks “with a little foresight riveting before welding can 
be dispensed with,” I would be pleased if he could enlarge on this point. I have had various 
discussions with shipyard officials advocating welding first and riveting afterwards; but it is 
not a question of a little foresight but making changes in the method of assembling the material 
and fairing the ship. As pointed out by the author, the tendency in ship construction is to 
assemble the material and fair the ship with as few ribbands as possible. I have seen Atlantic 
liners built without any ribbands on shell or decks. When strakes of plating for shell or deck 
are marked off from loft battens or templates certain of these strakes are assembled by the 
shipwright and used as ribbands to fair the frames and beams. It is an advantage when once 
the deck is faired to rivet the plating to the beams and to follow on with the welding of 
seams and butts. 

While I appreciate the importance of welding first and riveting afterwards, yet I think 
there are certain misconceptions regarding this question. 

In old work, to weld a riveted structure will cause many rivets to leak because the heat 
releases the film of rust round the rivet. In new work to weld the toe and heel of an angle 
after riveting is completed may start the riveting. This was noticeable when the ends of 
longitudinals in bracketless tankers were welded after riveting. When, however, deck plating 
is riveted to beams and the butts and seams welded afterwards, the rivets in the vicinity of 
the weld are slightly in shear due to the contraction of the weld metal on cooling and, as 
would be expected under hammer test, gave a solid ring. 

I have tested rivets under these conditions and invariably found the hammer test good. 
Whether the shear stress in the rivet is appreciable or not is an open question. I cannot speak 
with any extensive knowledge of these rivets under water pressure test. In one case the butts 
of the tank top in way of the motor seatings were welded. By arrangement part was welded 
first, part riveted first. Where the welding was done first the main part of the welding was 
done with No. 4 gauge electrodes; where riveting was done first the largest electrode used 
was No. 8 gauge. 

The riveting in the vicinity of the weld was carefully hammer tested and tested under 
water pressure with equally satisfactory results for both methods. This experiment, while 
only an isolated case, did not strengthen my advocacy for welding first and riveting afterwards. 


A. I. Hear (Liverpool). 


I would like to thank Mr. Jackson for his comprehensive and informative paper, which 
makes a valuable addition to the transactions of the Staff Association. 

With reference to the layout of the platers’ shed, while appreciating that the author does 
not claim this as ideal, perhaps a few notes on it will not be out of place. The positions of 
a number of the machines could, I think, be altered to inerease the efficiency, and the layout of 
A and B bays seems somewhat confused. If A is the deck bay (as stated on page 3) the two 
planing machines will not be required (it is not general practice to plane deck plates) nor are 
the bending rolls needed. These machines should be in the adjacent shell bay B, together with 
one or two searphing machines. The deck bay needs a joggling machine and an angle cutter 
and straightener. In C bay the radial countersink machine should be moved to the other end 
of the shop; the present position necessitates a doubling back with the plates, as countersinking 
is one of the last operations. A stock rack is very essential for the casings, houses, hatehways, 
eirders, minor bulkheads, ete., which are worked here. In D bay the liner men and grindstones 
could be placed, without impairing their usefulness, in a less conspicuous position. At present, 
right in front of the shop, they impede the progress of the material through to the skids. The 
liner men need to be close to a fire and a mechanical hammer. The welding bay, too, would be 
better placed clear of the bending slabs; the frame bender could not work with the welder 
working alongside. A four ton crane for the manhole machine seems excessive for even the 
heaviest of floors. 
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Is there any difference between the machines V and W in Fig. 1, the section punch and 
straightener and the angle punch and straightener? I understand the same machine can be 
regulated to straighten all types of sections. No mention is made of an angle iron smithy. 


On page 3 the author states that the skinstrakes are marked off from templates obtained 
from the mould loft; this, I think, refers only to the 1st and 3rd below sheer in most ship 
construction eases. On the same page is written that it is seldom possible to make counter 
plates in one piece, due to size and shape. This has been the general practice until recently 
when the plates have been furnaced in two pieces and welded along the middle line solely to 
facilitate the work and not because it could not be done in one plate. 

The practice of introducing tuck plates of increased thicknesses to prevent fractured oxter 
plates in single screw vessels appears to be good, but in the sketch Fig. 7 I would suggest that 
the oxter plater be extended to the opening of the rudder trunk and so dispense with the 
additional small plate shown. 

As regards flanging, I doubt whether all plates required to be flanged in the cold state are 
ordered “flanging quality.” In many instances material for casing plates flanged to form 
stiffeners, hateh corner plates, flanged knees and tankside brackets, ete., is ordered ordinary 
strip quality, and eare is taken that the plates are not flanged in a very cold condition. Sawdust 
warms it sufficiently to reduce the chance of fracturing during flanging. In spite of this, it 
must be admitted that many cases are encountered of small “snicks” or fractures in the outside 
edge of flanged brackets, ete.; this is caused by lack of care in dressing the edges after shearing 
and before flanging. 

The one-man punch can be fitted to punch a single or double landing in one operation, 
another saving of time and labour; and the hydraulic riveting machine can be set to finish off 
the rivets with snap or countersink heads. 

A very sore point to Surveyors during repair and Special Surveys is the presence of ragged 
edges around the manholes in floors and intercostals. A little more care in some cases in the 
dressing of these edges would result in fewer frayed tempers and boiler suits. 


Is it general practice to punch deck beams before or after cambering? 


In the ease of tank top plating worked to the multiple punch, the mould loft supplies only 
spacing battens and the ends of the plate which are “sketch plates” are moulded from the ship 
by the plater. 

Is the author correct in statine that the skin strakes (1st and 3rd below sheerstrake) are 
erected and used as ribbands? I think that these strakes are used mainly to keep the frames 
to their correct height and so fix the positions of beam knees and tank margin brackets. The 
wood ribbands have still to be fitted to bring the frames in or out to keep a fair shell. 


In Fie. 6, the method of fixing the position of deep brackets to transverses is shown ; 
would it not prove satisfactory if a taper joggle were introduced in way of the frame only? 
This would involve less work. 

The ease cited of the distortion due to welding of a heavy rudder mainpiece and the 
method adopted in the second ease to prevent a recurrence makes very interesting reading. 
The publication of such experiences will assist considerably in solving the problems still being 
encountered in electrie welding. 

The diffieulty of hollow shell flanges in frames with open bevels is now being overcome by 
a machine consisting of three bevel wheels and a roller base which ensures that the shell flange 
remains straight while the bevels open the section to the required angle. As the author states, 
the root will not bend, but the slight curvature is in the standing flange. 

1 am afraid that many yard managers and foremen would take Mr. Jackson to task over 


his statement on page 24 that “if the workmanship is good there should be no need for 
subsequent injection and caulking of rivets.” In numerous instances the primary cause is 


20 


faulty design and no matter how good the workmanship, “weeps” become apparent under 
test, and caulking, and in extreme cases, injecting, is necessary. It is essential to have very 
close co-operation between the drawing office and the yard to reduce these errors in design and 
to ensure that any mistakes that have oceurred are corrected for future construction. A 
practical experience in repair work is of great assistance in the d ‘awing office. 


W. Kruper (Sheffield). 


Sheffield being nearer the roller mills rather than the rolling sea, I have to thank the author 
for a brief sojourn (in the abstract) amongst our shipyard friends, the painters, riggers, 
plumbers, ete., ete. In the introduction to the paper mention is made of labour difficulties 
encountered by the managements of shipbuilding works and all sympathy is extended to them 
in this matter, although so far as the steel works, rolling mills and forges of this district are 
concerned, a similar story might truthfully be told plus a few other items such as acute 
shortage of suitable raw materials, not helped by a elientiele whose own stocks seem at a very 
low ebb judging by their urgent demands for replenishments: 

On page 27 Mr. Jackson tells us that flanges are welded to the steel or iron pipes and it 
would be of interest to know the purpose for which iron pipes with welded flanges are used 
since, according to the tube or pipe makers, very few, if any, wrought iron pipes are now 
produced in this country and naturally, east iron pipe would most likely be east with the 
necessary flanges. 

In the last section of the paper, entitled “Defects found in Plates and Sections after 
Delivery,” is found a soft impeachment of the rolling mills: the defects complained of, i.e., 
“twisted sections” not being found until the sections are at the ship. The general rolling mill 
practice is to saw the sections to length in their hot rolled state, and judging by the absence of 
complaints or material returned, this method would appear to fulfil the need for commercially 
straight sections. It is rather to be regretted that in an otherwise very complete paper, the 
author has made no mention of that all important subject, the branding and verifying of plates 
and sections, since I am sure he will agree that any material that cannot be identified at the 
shipyard should be rejected equally as much as the one or two other eases he has singled out 
for rejection, 

C. S. Porter (Sheffield). 

The author has given the Staff Association a very interesting tour through a shipyard 
and his description of the work carried out by the various trades will be read with interest. 
I would, however, crave Mr. Jackson’s indulgence in joining issue with him in some of his 
remarks concerning the blacksmith, 

On page 28 the author states the introduction of the oxy-coal gas burner dispensed with 
the intricate forgings at one time made by the blacksmith, that these are now cut out of solid 
plate, thereby “reducing cost” while still retaining the “nature of the steel.” It is agreed that 
many jobs that were forged by the smith are now cut out by the oxy-coal gas burner at a 
reduced cost, but, in the writer’s view, it is doubtful that the cost of mast, or derrick post hoops 
is reduced by this method of manufacture. A few years ago I had some derrick hoops under 
inspection. (specified solid forged hoops) and upon makine enquiries was informed they would 
be made from cogged slabs in the method indicated by the author. An alternate method was 
suggested which would comply with the specification, but the foreman stated that he had not 
aman in the shop who could make one that way. It is possible that the above statement reveals 
the conditions which prevail in many places, but apart from that, when mast hoops are made 
in the method indicated, there is no reason why some work should not be put upon them. The 
transverse weakness in the plate or slab used could be much improved by leaving the material 
for the eyes sufficiently wide and thick to enable them to be forged to their required shape and 
sizc, thereby giving added strength and toughness to these parts. lurther, it is thought that 
the nature of the steel could be considerably improved after this method of manufacture. 
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In some eases mast hoops have to sustain the working of a heavy derrick, the importance 
of which cannot be exaggerated and every preeaution should be taken to produce a sound job. 
The author also states that the mast hoops are machined inside to the correct size of the mast. 
In the writer’s experience it was considered fortunate if the masts were within an } in. of being 
true and, as they are usually made up of rolled plates, riveted or welded, it would be useless 
to machine the inside of a hoop to shrink on, under such conditions. Again, the author states 
derrick head bands—when in halves—are of forged steel, but in the writer’s view, if the eves 
to take the derrick guys are welded on they should be made of iron. 


Mr. Jackson also mentions that steering gear chains ordered in lone lengths to Lloyd’s and 
the Board of Trade tests are eut off to the required measurements, their end links forged to suit 
the shackles and then retested. Surely this is a very uneconomical practice. Why go to the 
expense and delay of having the chains tested twice? The steering gear chains (say four) ean 
be ordered in separate lengths with long links in one end of each chain suitable for the shackles. 
If eare is taken very little has to be cut from the free end of each chain when fitting and the 
initial testing only is neeessary. This also has the further advantage of having the long links 
put in by the makers of the chain where only the best wrought iron is used. The repairing of 
steering gear chains, however, is a different matter and ealls for very careful work from the 
smith, particularly when links are welded in the middle of the chain either to renew one or two 
links, or to connect a short length of new chain to the old one. In this ease, the chains would 
be tested before going into service. 

T should like to be associated with the vote of thanks to Mr. Jackson for a most interesting 
and instructive paper. 


J. V. C. Matcotmson (Philadelphia). 
The paper, in my opinion, is so exhaustive and detailed in each department, that rather 
than try to comment thereon, I propose mentioning a few differences of practice in this 
country as compared with those outlined in it. 


SKILLED AND UNSKILLED Lasour.—The difficulty of obtaining skilled shipyard operatives in 
this country has to a great extent been overcome by the large amount of work which is 
developed in the mould loft. This is specially noticeable in the local vard with whieh I am in 
daily contact, as therein, tankers are a speciality and the whole process of building is now down 
to such a fine art, that one is reminded of the routine system adopted in the U.S.A. for the 
erection of automobiles. I am not suggesting, of course, that skilled men of various trades do 
not participate in the building, but merely pointing out that the adoption of the template 
method, in a wholesale manner, enables them to utilize the vast field of unskilled labour which 
is available. i 

Faprication Work.—In addition to the ground skid work on bulkheads, ete., engine room 
double bottoms for tankers are completely fabricated in the shops, as welding is usually adopted 
in the construction of these tanks. This has the advantage that the work ean be handled in 
such a way as to eliminate overhead welding. 


Riverinc.—The rivets here are heated by a “Propane” gas which is a by-product from 
the oil refineries. This gas gives a very uniform heat, and would appear to be much more 
satisfactory than coke fires. There is also less chance of the points of the rivets being overheated 
as the entire rivet is visible at all times. 

ERECTION Work.—In screwing up the shell, deck and bulkhead plating, ete., a machine 
similar to a pneumatic drilling machine is used, with a “chuck” taking the square service nut. 
This enables quick and efficient bolting and gives excellent steel to steel results. All shell, deck 
and bulkhead plating are punched a size small and when erected and bolted up, are reamed 
out to the required size and then countersunk. This practice ensures fair holes in all eases, 
and eliminates the use of that much abused instrument, the “drift.” 
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ELectric Weripinc.—Welding generally would appear to be much more advanced in this 
country than at home. The “Union-Melt Welding Process” employed in this district, enables 
most rapid fabrication of bulkheads. This machine makes a complete fusion weld in one pass, 
and after the plating is set in position, and the machine started, the human element is 
practically eliminated—except for the electrician keeping a watchful eye on his instrument 
board. An all-welded tanker, 522 ft.-0in. X 70 ft.-Oin. X 40 ft.-Oin., is at present under 
construction here to the Society’s classification, and practically all the shop work has been 
welded by the aforementioned process. 


PAINTING.—It is common practice here to spray the paint on shell and inside work. In 
conclusion, [ might mention that the difficulty of removing keel blocks in dry dock work is 
eliminated here by the introduction of two steel wedge-shaped pieces immediately below the 
soft woodeap; these are held in position by a bolt which, when removed, make it a simple matter 
to withdraw the soft wood cap. 


REPLY BY THE AUTHOR. 

I feel greatly honoured by the reception of this paper and by the kind references that 
have been made by all who have contributed to the discussion. Mr. Sowden has given me an 
unsolicited testimonial, for which I thank him. He also mentions that Borneo White Wood 
has not been found satisfactory in the London distriet. Two companies in the Liverpool district 
with large fleets have been using it for a number of years with satisfactory results, and the 
Admiralty are using it extensively, especially on the Aircraft Carrier “Ark RoyaL” now under 
construction. As mentioned in the paper, each piece of timber requires to be specially 
examined before being worked. 

Regarding my apparent inconsistency in the matter of staggered rivets, the illustrations are 
intended to show the parts of the structure as they are built and in reality it would have been 
inconsistent of me to have shown them otherwise. I agree whole-heartedly that the “rags” from 
the edges of manholes should be removed and always impress on the people concerned the 
necessity for buffing them off. I had hoped that after the symposium on welding something 
would have been done to place electrie welding on a sound scientific basis. 


I am indebted to Mr. G. Buchanan for his interesting remarks on the methods employed 
in foreign countries, but I think he answers his own question in connection with knifing drilled 
holes in shell and strength decks, because at the present time the opportunities for workmen 
to make mistakes should be reduced to a minimum. As regards the preparation and erection of 
shell plates from loft templates without ribbands, using the lowest deck for fairing, it is found 
to be cheaper to mould the raised strakes at the ship. Also where both strakes are moulded 
from templates it is not unknown for the holes in the landing edge of each sunken strake 
to be drilled from the raised strake as template. In the ease of the new “Maureranta” five 
strakes at the breaks and four strakes of topsides amidships are to be templated from the loft, a 
pair of strakes being erected and hydraulically riveted before the deck stringer plates and 
angle in way are similarly dealt with. Then the next pair of strakes above are hydraulically 
riveted and the top deck of all erected and riveted. 

The plater loses 20 per cent. for the use of the one-man punch, while losing only 
15 per cent for drilling the first ply, 175 per cent for 2-ply, 25 per cent for 3-ply, 334 per cent 
for 4-ply, 424 per cent for 5-ply and 524 per cent for 6-ply; this bears out Mr. Buchanan’s 
contention that, single plate for single plate, drilling is dearer, but drilling plates in batches is 
the better paying proposition. One plater on a one-man punch will punch 10 plates per day, 
whereas one plater and four or five helpers will only punch four to five plates per day. With 
drilling the speed depends on the diameter of the holes. 

Undoubtedly the claim made by the advoeates of drilling is correct, as it is not unknown for 
platers to state that if the punching was too accurate, there would be less work for the driller. 
With drilled work the holes will all be out approximately the same amount and can generally 
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be regulated so that the reaming would be negligible, whereas with punching it is not possible 
to regulate holes in two directions at the same time. As far as the Liverpool distriet is concerned 
no “nipple” punches are in use. Plates to be drilled are centre punched through the template, 
thus forming the centre for the drill, but those to be punched have the paint circle from the 
marker through the hole in the template as a guide. The open cireuit voltage of the D.C. 
installation is 90-95, and as regards the overhead cranes at the welding skids, they are capable 
of taking loads up to 10 tons and it is possible to deposit fabricated structures well clear of 
the shed, for delivery to the slipway. I have included a section of the duct keel, given in Fig. 8, 
showing the pipes in place and the amount of space for access. 
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Mr. Sheffer has done me the honour of contributing a very interesting criticism on my 
yaper, for which I thank him. Regarding the use of the multiple punch on side shell platin’ 
with large single deck vessels the difficulty I mentioned on page 3 of the paper was veTy too. 
Since that time, however, the multiple punches have been fully employed on tank tops and 
decks, and moulding shell plating from loft templates is the method now used. Clear of 
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amidships where all the tank side brackets can be made from one mould, the following 
procedure is used. A leg mould is provided giving the spacing of the rivets in the frame, 
those in the tank margin lug are the same except right forward in way of the panting area, 
and the slope of the flanged edge of the bracket is constant. Consequently all the boardsman 
has to do is to tack up a mould of battens from the serieve board using the leg and tank side 
bracket lug moulds repeatedly. The remark that full size holes are now punched in the 
beams and beam knees was intended to show the excellence of the template work. At the ends 
of the vessel where fairing is necessary tack holes are still punched in the beams and after 
regulating the remaining holes are drilled in place using the beam knees as templates, thus 
cutting out the necessity for double handling of the beams. 

Mr. Sheffer and I do not see eye to eye regarding the coffin plate being left long, and what 
he ealls “old fashioned methods” are, in my estimation, very prudent. I will agree with him 
that as far as forgings are concerned, where the coffin plate merely wraps round the forward 
extension of the sole piece, the coffin plate could be accurately marked off, but with castings 
having a rabbet this would be out of the question. No forgemaster would guarantee the 
position of the rabbet, consequently prudence suggests leaving the coffin plate long, burning off 
and chipping as necessary ; thus obtaining a snug job, rather than, say, welding a strip in. 


[ am sorry if I have not made myself clear regarding the setting up the draught marks. 
The procedure is to erect sights forward, aft and amidships to, say, a 6 in. spiling below the keel 
and depending on the length of the vessel; intermediate sights, preferably at bulkheads, are 
taken between forward and amidships and amidships and aft. From these the lowest point to 
the keel is obtained and if the vessel is hogged or sagged, differences of as much as 2 in. will 
exist amidships due to the use of really a fictitious base line for the draught marks. The depth 
amidships used for marking the freeboard is an actual dimension, obtained in the manner 
stated, having no connection with a depth amidships taken to the sighted line. Mr. Blocksidge 
in his remarks also bears out my point very clearly. 

Regarding fitting a curtain plate at the top of longitudinal bulkheads in oil tankers, | 
rather think the difficulties Mr. Sheffer wishes to avoid would be accentuated. The longitudinal 
bottom strake is being built up from a flat bottom and the further the longitudinal curtain 
plate is away from the bottom due to sheer, the greater is the chance of the butts of the curtain 
plate to be open, especially as it will be necessary to move the butts clear of the transverse 
bulkheads. Also the work at the skids would. be hampered due to staggering the butts of the 
bottom continuous plate and the suggested curtain plate. 

As is well known, the plater packs out the frames to half the thickness of the plate so as 
to girth the neutral axis, and this is a more diffieult procedure with an “in-and-out” strake 
than with plain inside or outside plates. From my own experience I have noticed that either 
there is too much stuff in the plate and there are puckers between the rivets, or else too little stuff 
and the holes in the seams are shy. As regards fitting square shoulder searphs my experience 
differs from Mr. Sheffer’s and I still advocate them in preference to the bevelled variety. If by any 
mischance the searph is wide, it is quite easy to weld it up and make a solid job, and I have 
already instanced the trouble met with on the repair of oil tankers. Similarly, T do not think 
the welding of seams where they fay on the stem is shoddy, as it is well nigh impossible to 
get a good rivet in the seam just clear of the back of the stem bar and the wide gap between 
the knuckle of the stem and the first rivet is hetter closed by welding than by a tap rivet whieh 
has no draw, and has usually to be spot welded to prevent it from working loose. Also as the 
holes in the stem bar are generally reeled, the plate landing must of necessity miss one of the 
stem rivets, making the rivet spacing in the seam wider. 

I am glad the suggestion of fitting vertical plates at the stem meets with Mr. Sheffer’s 
approval. Quite a number of Superintendents have accepted the repair at my suggestion in 
bow damage cases. A half depth diaphragm, even if fitted at every third frame in duct keels, 
would spoil the pipe stowage, and would not reeeive general approval. I am in agreement on 
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the point that “all welded” seatings or “riveted and welded” seatings should be fitted in oil 
tankers, provided the work be well screwed up and welded before riveting, which would cure 
built seatines, but the incorporation of the seating in with the double bottom is the better idea. 


Provided proper care and attention is taken at the skids, and the 12 in, spiling to beam at 
side is earefully checked, I think it is preferable to the welding of two angle butts and a 
mitre butt at the ship. In the illustrations given in Figs. 14(a) to (e) the welding is completed 
downhand before the deck plating is laid, this being a template strake port and starboard, as 
mentioned on page 11, paragraph 4, of the paper. 


In the ease of the channel beam shown in Fig. 14 (1) the channel flange to the deck was 
caulked for about 7 ins. each side of the bulkhead, with stopwaters between the rivets. On 
the rare occasions a leak took place it was easily stopped by lightly injecting the beam from 
the deck above. Owing to an endeavour to find some excuse for faying surfaces not always 
being close, as shipbuilding is not watch making, I have made a generality out of a particular 
instance in respect to the distortion of punched plates. I am in agreement with Mr. Sheffer 
regarding short rivets, those slightly above flush and not spreading over the plate clear of the 
countersink being best in every way. As Mr. Sheffer says, the only hard and fast rule in 
welding complex structures is to keep heat out of them and that is why only so much welding 
was done per day and the stern frame in question left to cool. 


T am not very much taken with the Tyneside method of working continuous gusset plates ; 
a recent example that came under survey did little to solve the problem. In the first place the 
angle at the inboard edge of the margin plate had a shut bevel which made it well nigh 
impossible to get the rivets in, let alone stave them up properly, and the heel was not close 
inside the tank against the continuous gusset. As the gusset plate was being made to do two 
jobs the rivets in it in No. 1 hold were found slack, as were those in the double riveted lug 
connections from the tank side brackets to the continuous gusset. | think if the bar had been 
hooked inside the tank so as to have an open bevel, made double instead of single riveted, with 
the gusset knuckle clear of the heel of the bar for caulking, the arrangement would be more 
satisfactory in service. 


While agreeing with Mr. Sheffer that under normal conditions scored plates should be 
rejected, at the present time it is very difficult to get material at all, consequently, as the 
defect was not in the making, welding and buffing might be aecepted in the cireumstances. 


Mr. Bloeksidge bears out my contention made at the commencement of the paper that the 
supply of trained men is inadequate to deal with the work in hand at the present time. It is 
to be hoped that the Committee he mentions will be able to do something to attract the right 
sort of men back into the industry. I am obliged also to Mr. Blocksidge for further information 
regarding Borneo White Wood, as I happen to know he is in close touch with the pioneer who 
had the courage to introduce the wood into this country. 


Paint spraying is used, but for the reason explained the first coat is put on by hand. 


If it were possible to hose test the shell plating in a manner similar to bulkheads, I do not 
think any useful purpose would be served; also it is difficult and somewhat dangerous to hose 
test the shell plating from three plank stages. Usually the side shell plating gives little trouble 
in practice on account of its thickness and the manner in which it is serewed up. When 
testing double bottom tanks, side tanks in cargo vessels and cargo tanks in oil tankers, very 
little touching-up has to be done on the side and bottom shell. 


1 am obliged to Mr. Blocksidge for bringing out more fully than I had done, my remarks 
ov draught marks. 

In thanking Mr. MeMillan for his remarks I regret to say that I have no information 
regarding resistance welding in the shipyard, nor have I of the machine for imparting set and 
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bevel at the same time. As regards the latter machine, I understand it is more or less in the 
experimental stage. Also when worked by hydraulic rams the yard plant requires extending 
to cope with it. 


With regard to resistance welding I have been told the weld has no ductility and the only 
remark I ean make in connection with the latter machine is that the conical wheels used for 
bevelling the flanges must be exceptionally hard because when bevelling cold only in the 
machine fixed at the furnace front, it has been found that the sharp edge of the conical wheel 
is turned up like a bull’s nose. With the new British Standard Bulb Sections one wonders 
where the metal will go to when bending frames. 


The remarks on frame cutting and welding are very interesting and are a weleome addition 
to the paper. 

Mr. Rannie has raised a very interesting point about straightening plates 4 in. and under, 
which seems to have been solved at the yard I am attached to by a plater who specialises 
in putting pieces of plate on the plate to be rolled at spots where he has found from experience 
that such procedure will relieve the stress, consequently little or no hammering takes place. 
With regard to the sheet-iron worker, all his plates are delivered dead flat ready for use. 


If Mr. Rannie will read my reply to Mr. Sheffer in conjunction with the remarks of 
Mr. Blockside, I think he will appreciate the point I had in mind. In any case the sight line 
he mentions cannot be used for draught marks and disc, 


Regarding the differentiation between longitudinally framed tankers and_ transversely 
framed ships: in the case of the former it can be looked upon as an open bottomed ship and the 
flat of bottom is used for attaching the longitudinals, transverses, etc., whereas in the latter 
case it is preferable to fair the tank top on the floors and allow the bottom to be open until 
the internal work is done, i.e., a platform to work from in each type. 


What I had intended to convey regarding the ways being level transversely was that they 
were symmetrical transversely about a vertical plane through the centre line of the keel, as 
Mr. Rannie suggests. 


The refrigerating engineer’s point of view has been put very suceinetly by Mr. Gemmell, 
and I am obliged to him for so doing. I am afraid the ship designer does not give as much 
attention to the structural arrangements in vessels carrying refrigerated cargoes as he ought 
to do, if the hot spots are to be reduced to a minimum. It might interest Mr. Gemmell to know 
that when compartments on vessels built under my survey recently for carrying refrigerated 
cargoes were tested by ammonia gas with a 12in. head of water for one hour, the average 
leakage for the whole of the compartments on one vessel reduced the pressure by 14 ins.; losses 
as small as } in. of head took place in some of the compartments. 


Mr. Holtz has gone to a good deal of trouble in sending a contribution dealing with 
shipbuilding in the Weser district of Germany, which will enhance the value of the paper. 


In thanking him for it, I should like to congratulate him on his command of technical 
English. 

It would appear that most careful horning is necessary during all periods of construction 
and as a large amount of material must be in position, delay in riveting must ensue. Once 
riveting is commenced the structure is bound and no minor adjustments can be made; therefore 
riveting begins at a late stage in construction. On raising the point with Mr. Holtz regarding 
the mention of “putty” I find he means “Shellae Putty.” 


Mr. Dean and T changed districts on his advancement, consequently he has a very intimate 
aequaintance with the subject matter of the paper. At the present time it is a very difficult 
matter to obtain steel material; therefore as little or no time elapses before the plates 
in particular are worked, it is preferable for the ready use racks to be under cover so as to 
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expedite construction, Mr. Dean's experience of vessels having duet keels bears out my 
contention that special precautions should be made in the docking and also in the original 
design to prevent distortion of the flat keel plate. 

Mr. Akester, in his remarks, very kindly realises my difficulty in making the paper of 
reasonable dimensions and at the same time to indicate something of what goes on in the 
Liverpool district. Yard practice to some extent is governed by the client, and even hateh 
coaming angles have on oceasion been formed by those at the sides and ends being butted at the 
corners and welded. It was not my intention to create the idea that the multiple punch was 
not now used, as decks and tank tops keep such machines fully employed. My experience of 
three-ply work, carried out in the manner indicated by Mr. Akester, has left me with the 
impression that there is a lot to be desired, especially in tanker work. 


[ can quite understand Owners increasing the thicknesses of bilge plates and welding as 
well as fitting buttstraps, on account of the number of tankers especially that have been under 
survey recently with fractures in bilge plates. 

I am obliged to Mr. Akester for indicating items that are welded other than those I have 
already enumerated. 

I appreciate very much Mr. Edgar's remarks on the lay out of the plater’s shed as shown 
in Fig. 1, which was intended to be diagrammatic only and not to seale, with a list of the 
machines in it appended for use in the section on machines. 

With regard to electrie welding, | am in agreement with Mr. Edear that sufficient care is 
not taken in preparing the parts to be welded. Hither the fit is too good and it is impossible 
to get to the bottom of the vee, or else the fit is poor and a tremendous amount of unnecessary 
weld material has to be deposited to fill the gaps. 


In insulated vessels quite a number of pillar feet have been welded direct to doublings on 
the tank top, but the general practice is to fit angle rings. 


Regarding the reference on page 10 to there being no cruciform structure, I would refer 
Mr. Edgar to Figs. 14a and 14b, in which the transverse bulkheads are erected completely riveted 
and the longitudinal bulkheads in this vicinity are made up of a narrower vertical plate than the 
normal width vertical plates which together with the bottom plates of the bulkheads form a 
completely riveted section equal in lengt h to the several tanks, but staggered to the extent of 
the overlap on the transverse bulkheads. The wine bulkheads and structure are not erected 
until the centre boxes are complete. 

When originally approved, as Mr. Edgar says, duet keels had no internal stiffening in the 
duct at all. When first submitted, I wanted to fit diaphragm plates, but these were deleted 
and some measure of additional strength was obtained by fitting heavy bars on the tank top 
carried over on to the reverse frames on the floors clear of the duct keel top angles. 

Regarding Diesel engine seats, “the proof of the pudding is in the eating,” and as a result 
of leakage from the heel of the double riveted bar alone on several repair jobs, the additional 
single riveted bar shown in Fig. 9b) has been incorporated, but | would not say it was universal 
practice. 

With respect to the positions of holding-down bolts. as Mr. Edgar says, the majority can 
be properly arranged for, it is the odd few that give all the trouble. 

I agree with Mr. Edgar that the head of the vivet in the sternframe dealt with in the 
manner he has stated would be satisfactory, but the real point at issue is the point of the rivet, 
and it is well nigh impossible to heat the portion at the bottom of the countersink sufficiently for 
it to flow and fill the countersink on hammering up. As a test, rivets were drilled from the 
head side, punched out, and on examination of the point it was found that there was a cavity 
where the point was relatively cold and only a narrow bearing on the countersink existed. | 
think My, Edear has read more into my remarks 1% welding before riveting than was intended, 
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What I had in mind was seating bars on tank top, T bars for bracket connections, welded shell 
chocks and the like, where the amount of welding is large in comparison with the size of the 
part welded, and would start the rivets in the vicinity of the welding if they were put in first. In 
cases of this nature it is preferable to thoroughly bolt up well and weld before riveting. 


I am in agreement with Mr. Edgar regarding the additional plug welds in the gusset 
connections to the margin, and the method he proposes is much better than the riveted one, 


My thanks are due to Mr. Balfour for shedding light on what is shipyard practice in other 
distriets, which was really the idea of the paper. 


The space allocated for welding on Fig. 1 was really intended for use in connection with 
work that is riveted at the skids and has welding on it, as, for instance, cranked deck girders 
where the flange is split and welded. Actually there is a large shed adjacent to the platers’ 
shed where large portions of the strueture can be welded and conveyed by means of overhead 
cranes to the head of the slipways. Evidently Mr. Balfour experienced the same trouble that 
I have had, when he remarks that the plater is not paid to assemble material ready for welding, 
as more often than not adjustments are necessary before welding can take place. Mr. Balfour 
makes the same point as Mr. Edgar regarding riveting before welding and I have dealt with the 
matter in my reply to Mr. Edear. 


T am obliged to Mr. Heap for his appreciation of the fact that Fig. 1 was not put forward 
as the ideal arrangement of a platers’ shed, but rather to co-ordinate the remarks on the 
layout and machines in the shed. Mr. Heap will, no doubt, agree that as far as “A” and “B” 
bays are concerned deck and shell plates can be dealt with in either bay. TI still think the 
grindstones are in the best position nearest the slipway, because any grinding work required 
on plates and bars leaving the shed can be dealt with on the way out and men from the slips 
grinding tools have no excuse to say that the grindstones are inaccessible. Regarding the 
welding slab and bays, these are screened and in use by trainees, and for small fabricated jobs 
and need not effect the frame bender. As regards the erane on the manhole punch, this 
machine can be adapted for other and heavier work than supporting floors. The difference 
between the machines V and W in Fig. 1 is that the machine for cutting angles only is a 
smaller machine than that used for all sections, consequently work can be found for both 
machines in the platers’ shed. Actually, the angle iron smithy should have been mentioned in 
connection with the blacksmith, but as only .few angle iron smiths are employed now that 
increased use is made of electric welding, only cursory reference was made to them in the paper. 


Generally speaking only the first and third strakes below sheerstrake are marked off from 
loft templates, but in large vessels other skin strakes have been similarly moulded. 


In some eruiser sterns where the counter plates have much curvature and the section is 
closed due to fineness aft, the plates were furnaced in two pieces and welded along the 
middle line, not solely to facilitate the work, but because so many heats would be required that 
the thickness of the plates would be too much reduced. Since Fig. 7 was drawn for the paper, 
the butt shown has been dispensed with, as suggested by Mr. Heap. This was made necessary 
owing to the fact that the clearance required for the rudder stock actually eut away the lower 
part of the counter plate and only the small part shown was left. I must still repeat that 
material which requires to be flanged is ordered “flanging quality” to obviate the necessity of 
introducing the uncertain elements and unnecessary practices he enumerates. Mr. Sowden has 
already mentioned that sore point in more ways than one—the rags left round manholes. 
Generally beams are punched after cambering. On page 7 regarding the templating of tank 
top plating, the “all” meant rectangular plates; “‘sketeh plates” are moulded from the ship. 

If the first and third strakes below sheerstrake are not useful as ribbands, the ribband at 
the top of the frames only, which is placed in position for spacing frames fore and aft, 
would be inadequate for the purpose. Mr. Holtz, in his remarks, gives details of framing and 
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plating without the use of ribbands at all, which appears to be the Continental practice. 
Mr. Heap’s suggestion to taper joggle in way of the frame only in Fig. 6 is what is actually 
carried out, and the section “EF” should come in way of the frame at “CO.” 

Referring to page 24, my remarks regarding subsequent injection and caulking of rivets 
had special reference to testing for new construction and not repair work. Perhaps it would 
have been better if I had said “If the design and workmanship are good, ete.,” then Mr. Heap 
might have agreed with me. 

In his remarks. Mr, Stocks has approached the subject from a very interesting angle and 
I am indebted to him for so doing. Like Mr. Stocks, I foresee difficulties ahead when it comes 
to the repair of damaged welded ships, but repairers very airily say the weld metal can be 
washed away quite easily with the oxy-acetylene burner. Some doubt exists whether much of 
the material so dealt with will ever go back, unless more care is exercised than what I had in 
mind when I wrote the last sentence under the heading of “Caulkers and Testers” on page 25. 

I am obliged to Mr. Kimber for letting us know that the steelworks have their difficulties 
as well as the shipyards. At the present moment ships are being built in a proper cart-before- 
the-horse method, due to the shortage of particular sections. In the case of tankers, months 
elapse before channel sections can be obtained, consequently a large amount of material 
is fabricated, but it is impossible to do any erection until the bottom longitudinals are worked. 
Also, in passenger and cargo vessels, deck upon deck has to be erected and shoved up 
temporarily on account of the lack of material for ‘tween deek bulkheads and deck girders. 

Wrought iron pipes are used very extensively for bilge and tank suctions, and washdeck 
services, and one Owner insists that this material be used for pipes to the exclusion of cast iron. 
At the same time, solid drawn mild steel piping is used for steam pipes, and in all the eases 
cited the flanges are welded. 

I hope Mr. Kimber will not take my remarks on “detects found in plates and sections” too 
much to heart, as it was put in only to call attention to things that had come under my notice, 
and not in any way to east aspersions. Generally speaking, considering the tremendous amount 
of material turned out by the steelworks, the defects are infinitesimal. 

Mr. Kimber very rightly calls attention to the omission on my part of any reference to 
the branding and verification of plates, but this omission was intentional, as it was necessary 
for me to prune the paper pretty considerably to bring it down to its present size. 

Mr. Adams, in his contribution to the discussion, has given the Staff Association the benefit 
of his experience in the making of test specimens. Regarding the number of runs for various 
thicknesses of plating, I should hesitate to make a hard and fast statement, but from my own 
experience, if the Surveyor thinks on examination of a job that the runs are insufficient, it is a 
very simple matter for him to arrange for additional ones. 

Mr. Porter joins issue with me regarding the reduction in cost and the retaining of the 
nature of the steel when mast or derrick bands are eut out of slabs by the oxy-coal gas burner. 
I can assure him the reduction in cost is in the region of 50 per cent, and the saving of time 
as much as 66 per cent over the old method of smith forging, to say nothing about the absence 
of waste, Some work is still put into the eyes, as these are forged to the requisite shape, size 
and angle as Mr. Porter suggests. It is the practice in this distriet to eut out the mast bands 
to a smaller inside diameter than the mast, obtain the mast cireumference when complete and 
from it the diameter, after which the shipfitter makes the necessary allowance for contraction 
when machining the inside. The bands are brought to a white heat, which normalises them, and 
they are shrunk on the mast or derrick with very Satisfactory results. 

Derrick head bands are all forged out of the solid (no eyes are dabbed on) so as to ensure 
the grain of the band going round the eyes. 

T agree with Mr, Porter that in new construction where it is possible to obtain delivery, 
steering chains are ordered in complete and tested, but as a tremendous amount of repair work 
is done, as well as new construction, the precautions mentioned in the paper are taken, 
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I was very interested in Mr. Maleolmson’s remarks, and have to thank him for the 
comparison he makes between practice here and in America. It would appear that the extensive 
use of the template system of construction is very similar to that employed on the Continent. 
As regards fabrication work the size of the pieces depends on the capacity of the cranes at the 
berths, consequently to gain any material advantage the eranes at most shipbuilding yards 
would need to be replaced by ones capable of much heavier lifts. 


I assume that “Propane” gas is laid on round the berths in a manner similar to 
compressed. air. 

The pneumatic method of screwing up was new to me; it would be interesting to know 
how the cost compares with the method of hand serewing up employed at present. 

From my own experience I have little faith in the method of punching holes a size smaller 
and reaming out and countersinking, for the reasons given on page 11 of the paper. 

Mr. Malcolmson’s account of the automatic welder was very interesting, but I should have 
liked some information regarding distortion effects. 

It is evident atmospheric conditions in America are different to what they are in this 
country, or else they are not so particular as we are. 
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Centre division of middle part completely erected, centred and plumbed being 
finally sighted as shown on bottom strake of longitudinal bulkhead, 
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Side blocks, well-seasoned oak, below each transverse bulkhead. 
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SPECIAL LECTURE 


“SHIPOWNING AS A MEANS OF 
LIVELIHOOD.” 


By Tue Rienr Hon. LORD ESSENDON. 
DELIVERED 28TH OCTOBER, 1937 


Sir GeorGe Hiceins, C.B.E., who presided, said, in opening the meeting : 


Gentlemen, it is usual for the Chairman on this occasion to introduce the Speaker, but to-night that 
is quite unnecessary as we all know Lord Essendon so well. I want to say, however, how enormously the 
Staff Association and Lloyd’s Register Committee appreciate Lord Essendon coming here to talk to us 
to-night. He is a man very busily occupied all day long and hasa great many calls upon him. Some I 
think he has to refuse, and therefore, it is all the more gratifyi ing to know that he has come to talk to us 
on “ Shipowning as a Means of Livelihood.” 


There is nobody I can think of in this country better able to discuss this subject than Lord Essendon. 
He has spent all his life in shipping, and I am sure he will not mind me saying that he began at the very 
bottom rung of the ladder. He has now reached the giddiest heights, and we are erateful to him for 
coming here to-night and talking to the Staff Association. 


THe Rigur Hox. LORD ESSENDON. 


Two years ago Sir James Lithgow addressed you on the subject of shipbuilding as a means of 
livelihood. I rec ently re-read his address, which I have no doubt you listened to with great interest, but 
I feel that I have a much easier—and, | hope, a much more interesting—task before me, easier because 
the staff of Lloyd’s Register Association have such a wide experience of matters connected with ship- 
building that whilst they would probably not presume to think that they know as much about the 
subject as Sir James Lithgow, at any rate they could form a pretty shrewd opinion of their own upon 
the problems which Sir James set before you for your consideration. In the case of shipowning, whilst 
there are many shipowners represented on the Committee of L loyd’s Register, I don’t suppose there are 


many shipowners on the staff, and consequently I will have a free-er field ‘than Sir James had, in addition 
to having a much wider and more diversified subject. 


Unfortunately, if I attempt to make my subject too interesting, | may be encouraging some of my 
listeners to embark upon a shipowning career, which they may ultimately find to be a perilous voyage. 
At any rate, there can be very little room for doubt that shipowning is one of the most interesting and 
romantic of all the occupations or professions that are open to our race. I do not deny that there are 
many details almost as dry and unattractive as some of the details to be encountered in a lawyer’s or 
accountant’s office, but, on the other hand, the attractiveness of shipowning as a means of livelihood— 
you will notice I have carefully said as a “means” of livelihood and not as an actual livelinood—is 
almost unbounded. One has to know about ships themselves, and heaven alone knows that there are 


sufficient varieties ; one has to know at least the rudiments of geography, the seasons in which certain 
shipments can be expected to come forward, sometimes from one end of the world and sometimes from 
the other end at different seasons ; sometimes politics enter into our problems, and not merely domestic 
politics, but international politics, and a shipowner has to be something of an international lawyer to keep 
abreast of, and understand, the regulations which his own Government imposes upon him, and also the 
requirements of foreign Governments, which are sometimes not merely different, but absolutely 
contradictory. 


I well remember a case, many years ago, of one Government requiring ships to have certain life- 
saving equipment, and the Government of the country at the other end of the voyage requiring the ships 
to have the same equipment but of a different pattern, and until the matter was thrashed out by a 
somewhat hectic exchange of messages between the owners and their agents, it meant literally that the 
ships would have been obliged to carry a double set of equipment and refit at the end of each half trip 
in order to comply with the contradictory regulations. Even then, on part of the voyage, the ship 


would not have been complying with the regulations of the country whose flag she was flying. 


However, I am digressing from my subject. 1 think a little early history might be of interest. As 
‘ou may all know, a ship consists of 64 shares. That is to say, a whole ship consists of 64 64ths shares, 
and the Merchant Shipping Act lays it down that not more than 64 part owners may be the registered 
proprietors of a ship. That is a relic of the old days when a vessel was usually owned by one or two 
people, and subsequently, as ships became more valuable and expensive, the number of part owners no 
doubt increased until it was found desirable to put a limit to the number. Owning a 64th share of a 
ship may be an attractive investment in certain circumstances, but some of us can remember the time 
when ship managers found it necessary voyage after voyage, to call upon the owner of the 64th shares 
to provide the cash to meet losses, as of course there was no limit of liability attaching to the ownership 
of a 64th share. Nowadays it is more customary to form a limited company, which itself owns the 
whole of the 64/64ths, but in which there may be an unlimited number of shareholders. 


In contrast with Sir James Lithgow’s problem, in which I conceive the shipbuilder is usuall 
concerned with a ship for approximately one year while she is under construction, at the end of which 
time he knows pretty well whether he has made a profit or a loss, the shipowner anticipates struggling 
with his problems for a period of about 20 years, during which time it is reasonably certain that there 
will be wide fluctuations, not alone in the value of the ship but also in her profits and losses. The 
problem starts with a document which is known as the builders’ certificate, which is the owner's first title 
to the ship, and which contains pati cot of all the principal features of it. his certiticate is lodged 
at the Custom House, and the ship then becomes a registered ship and accordingly subject to all the 
conditions of the Merchant Shipping Act which, coupled with the regulations issued by the Board of 
Trade, governs the conditions under which the vessel must be operated so long as she remains a British 
ship, and of course in cases where an owner is wise enough to class his vessel in Lloyd's Register, he 
accepts the additional burdens imposed by that organisation, in the hope that the benefits of so doing will 
be commensurate with the obligations. 


L think it is fair to say that the foundation of the modern British Mercantile Marine was the tramp 
ship. It is true that in the very early days rich merchants or adventurers would acquire first one vessel 
and then another, and dispatch them to distant countries to bring home mixed cargoes of valuable goods, 
but the real foundation of the modern Mercantile Marine was the tramp ship, from which evolved the 
cargo liner and ultimately the great passenger ships. What is true of the Merchant Marine as a whole, 
is more or less true of individual shipowners, as obviously it is possible for an owner to buy one tramp 
vessel and from that small beginning to build up a large fleet, whereas it is very rarely possible for an 
owner to start business by acquiring a fleet sufficiently large to operate a regular line, as, apart from the 
large capital cost involved, a ready made and highly organised trade would also have to be acquired along 
with the ships. 


L suppose the most usual method of adopting shipowning as a means of livelihood is, first of all, to 
acquire some knowledge of the subject in the office of an existing owner, where it will be found that an 
estimate is invariably made before a voyage is entered upon, not merely for the purpose of calculating 
whether the voyage is likely to be profitable or not, but also for the purpose of ascertaining whether the 


voyage contemplated is the best employment possible for the ship in question, having regard to any 
alternative employment that may be available. In making this estimate, the costs of operation are 
usually divided into three main groups : 


(a) The cost of actually running the ship, viz., wages of the ship's company, deck and engine 
stores, provisions, insurance and fuel, plus an allowance of so much per day for voyage repairs, 
plus a further allowance as a reserve against the time when Lloyd’s Register demands a periodical 
survey ; 

(b) The cost of handling the ship in and out of port, such as loading and discharging 
expenses, pilotage, tugs, port dues and sundry odds and ends such as protection and indemnity 
club ealls, entering at the Custom House, Consular fees, ete. ; 

(c) Overhead expenses, which consist principally of office management, including technical 
superintendence; rent, rates and taxes, and interest on any borrowed capital. After these 
expenses and Brokers’ commissions have been paid, any balance remaining goes, or should go, first 
in providing for depreciation and finally in dividend on share capital. 


All this sounds comparatively simple, but in actual practice it will be found that a great deal of 
expert knowledge is required, which can be gained far better by experience than from text books. For 
example, the single item for marine insurance has so many angles that it needs the most careful study in 
order to achieve the most economical results. The first step, usually, is to agree with the underwriters 
upon the value of the ship, i.e, the hull and machinery value upon which the premium is paid, out of 
which the underwriters pay the claims which arise in the ordinary course of events. Unless an owner 
has a large number of vessels, and can afford to run some of the risks usually insured against, it is 
customary for the insurance to be placed against all risks, viz., against damage to the ship, stranding, 
heavy weather, fire, collision and other marine perils, including, of course, the risk of the total loss of the 
vessel. There are many complications to be considered, as, for instance, the desirability or otherwise, of 
a dual valuation, by which the amount recoyerable in the event of total loss might be different from the 
hull and machinery value, and insurances are sometimes placed free of particular average, or free of 
damage, and so on. 


The question of manning ships is now much simpler than it used to be in the days when Dr. Johnson 
said that no man who had any capacity for going to jail would think of going to sea, because rates of 
pay, numbers of men to be carried, and other conditions are controlled by the National Maritime Board 
and the Board of Trade. 


All my remarks so far have applied to the management side of shipowning, but there is, of course, 
the equally important side of the seagoing personnel, with which is coupled the opportunities of earning: 
a livelihood afloat, either on deck or in the engine room, occupations which call for a high degree of 
skill, and in certain eventualities a greater degree of courage than most commercial callings, and, on the 
other side of the picture, provide romance and a breadth of interest far beyond the ordinary. Possibly, 
on some future occasion, your Association may think it of sufficient interest to invite an address from 
someone on the broad subject of the Merchant Service afloat, but, briefly, the various occupations on 
board a modern cargo steamer may be enumerated as navigating officers, petty officers and seamen ; 
engineers, firemen and trimmers; purser’s department: cooks and stewards; wireless operators, and 
sundry sub-divisions of these various grades. 


Whilst in former times a youth desirous of going to sea either haphazardly made application aboard 
the ship in the docks, or enquired at the offices of the shipowning company, the position today is much 
better regulated. There are a great many special facilities for the training of lads preparatory to 
entering the Mercantile Marine, and shipowners themselves haye gone to considerable trouble in 
providing facilities to enable youths to go to sea as apprentices, or cadets in the deck department with a 
view to becoming officers in due course. To become a navigating officer the candidate must pass the 
Board of Trade examination for Second Mate, and one of the principal requirements is that he shall have 
served the equivalent of four years at sea. Attendance at a recognised training ship or nautical 
establishment before going to sea is taken into consideration to the extent that two years such training 
counts as twelye months at sea. 


In the case of engineers, the Board of ‘Trade require that not less than four years be served as an 
Apprentice Engineer in an establishment whose principal business is the making or repair of marine 
engines. The practice in such works is to require the apprentice to be indentured for four or five years, 
but four years is the minimum required by the Board of ‘Trade, after which a minimum of 18 months 
at sea is required before the candidate could qualify for the Board of Trade Second Class Certificate. 
Thereafter progress is much the same as in the case of navigating officers, and once a First Class Board of Trade 
Certificate has been obtained a wide range of opportunities lies before the holder, as the Board of Trade 
(Certificate, which calls for a high degree of intelligence and knowledge, ranks equally for work ashore or 
afloat. At the present time there is ample employment available for junior engineers, particularly those 
with knowledge and experience of diesel machinery, in which there has been such tremendous development 
and expansion in recent years. 


Returning again to the management and ownership side of shipping, those of you who are 
mathematically minded may enjoy the problem of working out the proper method of loading a vessel 
with a composite cargo. Obviously the ideal manner in which to load a vessel is so that she is both down 
to her marks and full, and the loading of only two different classes of cargo into one ship may present 
quite a problem if the two commodities are of widely different measurement as, for instance, partly a 
heavy cargo measuring say 20 cubic ft. to the ton weight, and partly a light cargo measuring say 
60 cubic ft. to the ton weight. There is, of course, a formula by which this can be worked out 
to a nicety. 


My subject would not be complete without some reference to the political aspect, and also the 
statistical side. Politics play a far more important role in our affairs than is generally appreciated, and, 
I am afraid, to an ever increasing extent. It is natural that free trade throughout the world would be 
ideal from the shipowners’ point of view, but national politics have so shaped themselves that practically 
every country has, at the present time, a tariff policy designed either to protect some internal industry, 
or to prevent the import of an undue proportion of foreign goods, or even to protect the national 
currency. Some countries have preferred to adopt a system of import quotas in preference to tariffs, 
and in one particular case I have in mind our own country has, for political reasons, adopted a 
combination of both a tariff and a quota. 


All these measures adversely affect the free employment of shipping, and may overnight have a 
most serious effect upon an otherwise stable business. It is common knowledge that since the great war 
many countries have made strenuous efforts to build up national mercantile fleets for reasons which were 
never previously thought to exist, and the methods used to achieve this purpose have been both varied 
and insidious. The United States postal subsidies provide perhaps the most serious and obvious 
example. Going back to 1914, Great Britain had by far the largest mercantile fleet, which had been 
built up by individual enterprise, an ability of building ships well and economically, the aptitude to run 
them efficiently, and an adventurous spirit which carried the red ensign into every part of the world. 


Reference to a certain standard work known, I believe, as Lloyd’s Register—and which is sometimes 
referred to as the shipowners’ rade mecum—tells us that in 1914 there were 18,800,000 gross tons of 
shipping on the United Kingdom Register, excluding the Colonies, out of a world total of 45,400,000. 
‘Today the comparable figure is 17,400,000 out of a world total of 65,300,000 tons. Statistics such as 
these are all matters which a shipowner has to bear constantly in mind, not merely in order to keep track 
of what is happening, but also as a guide in his daily business. Naturally it is not very satisfactory to 
anyone to see the amount of British tonnage reduced, both in actual volume and in proportion to the 
world total, as, apart altogether from the loss of prestige, it means loss of employment both ashore and 
afloat, and a reduction in the amount of invisible exports to which shipping has so liberally contributed 
in the past. 

In my view the only way in which the position can be restored is by making shipping once more a 
rofitable venture, and that object could best be achieved by concentrating on the removal, or reduction, 
of all trade barriers, and increasing the volume of international trade. We used to consider that 
prosperity in the shipping industry ran in cycles of approximately ten years, .e., about eight years’ 
depression followed by two years of prosperity. The great war seriously interfered with the cycle, and 
even the present period of comparative prosperity 1s largely due to abnormal causes, such as the somewhat 
abrupt and concentrated re-armament programme. | sincerely hope, therefore, that this period of 


prosperity will be used for the purpose of fostering international trade, so that when the present 
abnormal conditions pass away, we may find a more secure foundation upon which to base the future 
prosperity of the British Mercantile Marine. 


Mr. E. L. Jacoss. 


Mr. Chairman and Gentlemen, 1 think it would be almost an impertinence on my part to praise a 
paper from one, who, if he will forgive the slang, is the *Big Noise” in shipping, and who speaks on 
a subject which no one knows better than he does. 1 think we can say that we derived a certain amount 
of satisfaction from the fact that we heard Lloyd’s Register mentioned several times and | got a little 
satisfaction, just to myself, because marine insurance occupied three or four lines of his paper. 


I am going to admit, that, during the many years, twelve exactly, I worked on the General 
Connnittee, | was ignorant of the fact that there was a Staff Association. Since, however, | came to this 
honoured Office of Deputy-Chairman, which I should like to say how much L appreciate, | have heard of 
the Association, and if the measure of what they learn and discuss is to be based on the paper we have 
heard to-night I think it is a very good Association, and a fine thing for the Staff. 


There is an old saw “good wine needs no bush,” and | think that the paper speaks for itself and it 
remains for me to thank you, Lord Essendon, very much in the name of everybody for coming here 
to-night in your busy hours and reading your very interesting paper. 


Mr. G. D. Rrrcouie. 


Gentlemen, as President of Lloyd’s Register Staff Association it is my privilege to ask you to accord 
a very hearty vote of thanks to Sir George Higgins for his kindness in coming here and presiding over 
this Meeting. [tis not often we have an opportunity of expressing publicly our thanks to the Committee 
and to Sir George himself for their continued interest and help in the work of the Association, and I can 
assure you that the Association is full of life and vitality and that the papers and discussions we have are 
of real value to the Surveyors in carrying out their professional duties. I have great pleasure in asking 
you to express your hearty thanks to Sir George. 


Stk GEORGE HIGGINns. 


Mr. Ritchie and Gentlemen, | thank you very much for your vote. You all know I have Lloyd’s 
Register absolutely at heart and anything [ can do for it or for the Staff, or this Association, [ shall 
always do with very much pleasure. 
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ELECTRIC WELDING IN GERMAN 
SHIPBUILDING. 


By R. B. SHEPHEARD. 
Reab 2ND DeCEMBER, 1937. 


In the development of electric are welding and its application to shipbuilding, Germany has played 
a prominent part. 

The process was introduced into several German shipbuilding establishments some 12 to 15 years 
ago, and thereafter made steady progress. Two welded sea going tank lighters, 133 feet in length, built 
at Kiel in 1928-29—nearly 10 years later than the pioneer “ Fullagar ’’—aroused considerable interest, 
in view of radical differences in their design and construction from current British practice (1).* 

The developments since that time have been widespread and extensive. While a number of small 
craft have been completely welded, all-welded merchant ship design is not favoured, and the record for 
such construction, for what that in itself is worth, is not held by Germany. The application has not 
been restricted to parts such as double bottom, bulkheads, motor seatings and deckhouses, but the 
welding of primary connections, particularly butts of plating, is now a commonplace even for large ships. 


TABLE 1. 
| | =< c iat | 
| SHIP. GENERAL EXTENT OF WELDING. | 
1. 605 ft. Passenger Liner... .-.| Butts of shell and decks. 


| Topside plating butts, seams and framing. 

Stringer plates to shell.’ 

Entire double bottom and margin connections. 

Bulkheads, Deckhouses, i.e., all structure welded, except 
shell and deck seams, and 85 per cent frames and heams. 

2. 418 ft. Cargo, and others similar ...) Butts of shell, decks and tank top. 

Stringer plates to shell. 

| Longitudinal framing in double bottom. 

Margin connections. 

Bulkheads. 

3. 500 ft. Tanker ei oa ..-| Butts of shell and deck. 

Stringer plates to shell. 

O.T. bulkhead boundaries and web connections. 

4. 350 ft. Tanker a 3 ...| O.T. bulkheads complete with stiffening and boundaries. 

‘Transverses including end connections. 

.... Entire structure in way of cargo tanks, excepting shell seams. 

Motor seating. 

1 Spee vied nila buy 2a ay rer ...| Entirely welded. 

| 7. Ferry Boats ... at ne ..-| Butts of shell and deck. 

124 ft. x 29°5 ft. x 4ft.draught. | Bulkheads, motor seatings. 

Large part of stern construction. 


5. 180 ft. Tanker 


* A numbered List of References is given at the end of the paper. 


Electric welding has been widely employed in German naval construction for a number of years 
and the results of early experimental and practical experience published (2), (3). The building of the 
well-known “pocket battleship” “ DrurscHLAND” in 1929 was largely made possible by its extensive 
use. 


Early work in Germany was carried out almost exclusively with bare wire electrodes. In the 
continued widespread use of these and other types having comparatively low ductility, particularly for 
primary structural connections, practice in this country now differs from that of the rest of the 
shipbuilding world. 


Some indication of the extent of welding adopted in merchant ships of various types built here 
during the last two or three years is given in Table 1. The list is representative but by no means 
complete. 


The paper is divided into the following sections :— 


DESIGN. 3. CURRENT SUPPLY. 5. REPAIRS. 7. ECONOMICS 
ELecrropes. 4. PRACTICE. 6. INSPECTION. 


While the published information regarding many aspects of electric welding is almost confusing in 
volume, very little dealing with practical procedure and difficulties is available. It is just such 
experience which would be of particular value to Surveyors. In this paper an attempt has therefore 
been made to describe, in some detail, problems of this nature met with here. As good welding practice 
is still to some extent a matter of opinion, these remarks are open to criticism, but it is hoped ‘that they 
may lead to a useful exchange of experience. 


1. DESIGN. 


The basis on which some of the earliest welded merchant ship construction was carried out in this 
country has been described by Wahl (1). Tensile tests on butts Vee welded transversely to the direction 
of loading gave 100 per cent strength of the connected material. Tests, however, having butt welds 
parallel to the direction of loading, produced unsatisfactory results, the weld material, havi ing only low 
ductility, failing at a comparatively low load, the fracture then spreading across the test piece. It is 
worth mentioning that earlier tests of the same type, carried out for this Society, described by 
Sir Westcott Abell (4) produced no such premature failure, probably due to the high ductility weld 
material used. 


As a result of his experiments Wahl was af the opinion that longitudinal welding should be avoided 
in all parts exposed to excessive stresses. ‘ With such parts acting as lower or top flanges of girders 
where continuous longitudinal seams cannot be avoided, normal riveting should be retained in the 
present stage of electric welding.” The vessels were, therefore, designed with rings of transverse plating 
at the shell and decks, the butts being fitted at frames for reinforcement, and longitudinal seams being 
thus avoided. The deck stringer angles were riveted. 

In 1932 an important paper was read by Burkhardt (3) giving a comprehensive account of the 
development of electric welding in the German Navy. Extensive experiments had been made for several 
years, culminating during 1930 and 1931 in large scale tests on a 3,000 tons testing machine at Dahlem. 
The test pieces were 20 ft. long and over 6 ft. wide, consisting of three strakes of mild steel plating, the 
middle strake being butt jointed in some cases. The connections were made by welding with low 
ductility electrodes, by riveting or by a combination of the two. The tests showed that longitudinal 

riveted overlapped seams failed at a low figure, the fracture taking place at the rivet holes when the 
vield point was reached and spreading across transversely. Butt welded seams failed first in the weld, 
but at a higher figure than the riveted seams. It was realised that the tests did not truly represent 
ship conditions. ‘There w as, for instance, no edge constraint, and Burkhardt states “ when it is possible 
to obtain suitable electrodes for ship construction which will give high ductility, then one can improve 
considerably the characteristics of the longitudinal joints, which are at the moment not entirely 
satisfactory.” Later experiments in the United States’ (5) showed longitudinal joints welded with high 
ductility coated electrodes to be quite satisfactory. According to the latest information published (24), 

the hulis of German warships, including longitudinal joints, are now all welded. 


Such joints are now considered satisfactory here and are used, for instance, at decks, stringer-shell 
connections and tank tops. ‘lhe most common arrangement, especially for shell plating is, however, 
riveted seams in conjunction with butt welded end connections, the riveted seams being maintained for 
practical purposes. (See Plates 1 and 6). 


The relative merits of butt and overlap welds have been so often discussed that it is not proposed 
to develop this subject here. Butt welds are undoubtedly the better on theoretic and economic grounds, 
but their execution raises practical problems which are discussed later. Overlapped welded connections 
have always been avoided as far as possible in Germany. ‘heir use for important connections is not 
permitted by the Rules of the Germanischer Lloyd. As the result of experience it would seem that the 
earlier British practice of overlap welding employed for the ‘t Fullager” and recommended even in 1935 
by the Director of Naval Construction (6) is now giving place to butt welding. 


An interesting development in welded connections at the top sides of a large passenger ship is shown 
in Plate 2. Two plates from each of two adjacent strakes were welded in the shop together with the 
framing, the vertical butts of two strakes being arranged in the same line. The large panels so 
preconstructed were subsequently connected together on board. 'The welding was carried out with 
electrodes having ductility less than that required by Section 4, Paragraphs 1 to 7 of the Society’s Rules.* 

Accurate flame cutting has led to the development of “ interlocked” design, which is particularly 
suitable for welding. The continuity of longitudinal and transverse members so connected leads to a very 
rigid and accurate form of construction, the strength of which is only to a reduced degree dependent on 
the connections. With welding, such connections are naturally greatly simplified. For example, engine 
seatings of this type are particularly advantageous, good metal to metal fitting being provided when the 
slots are carefully burnt out and the parts driven together. The fillet welding is far more satisfactory 
than riveted angle connections, which normally involve three ply work, often in confined spaces, with sub 
drilling, reamering up and other precautions to ensure good workmanship. Such construction can also 
be assembled and welded in the shop under most favourable conditions. Fig. 1 illustrates a seating of 
this type. Floors and intercostals in peaks and under cruiser sterns can also be designed in this manner. 


A further application of the interlocking structure has been proposed for margin connections, 
though so far as is known this has not yet actually been carried out. The arrangement is shown in 
Fig. 2 (¢). The margin plate is slotted at its upper half, the tank side brackets and double bottom wing 
plates being constructed from one piece and slotted at the lower part, thus providing an arrangement 
whereby the load at this important part of the connection is carried by continuous material and not by 
riveting or welding. The margin plate at its lower part remains continuous, important for longitudinal 
strength and for shell connection. The gusset plate is also continuous transversely and the butt at the 
margin knuckle is eliminated. Figs. 2 (@) and (4) show more conventional margin arrangements. In (@) 
the welding is restricted to the connections to the margin plate, thereby eliminating the possibility 
of leakage from the tanks. In (0) the welding is extended to the tank side bracket connections, an 
arrangement which is suitable for preconstruction. 


In vessels discharged by grabs the flush tank top provided by welding is advantageous. In some 
cases the tank top plating has been laid transversely between the margin plates and middle line strake, 
the reverse frames being welded to this plating prior to fitting on board, to avoid over-head work. This 
pre-construction can similarly be carried out when longitudinal double bottom framing is fitted with the 
tank top plating laid fore and aft. With solid floors fitted about four frame spaces apart supporting this 
longitudinal framing the tanks are exceptionally clear and accessible. 

Welding has been very widely applied to bulkhead construction. Various types of stiffening 
adopted are illustrated in Fig. 8. The bulb plate (a) is most frequently fitted. The latest German 
standards range from 60 mm to 300 mm, there being one standard thickness for each depth of stiffener, 
The form of these sections is specially adapted for welding. The faying edge is flat, as is also the face of 
the bulb, which provides a good plain surface for end brackets and their fillets on each side, sce Plate 7. 
The areaof the bulb is also large, giving good modulus of resistance for the section in conjunction with 
plating. For deep tanks having long spans, T shaped stiffeners as in (¢) have been used, these being cut 
out of I sections. For large stiffeners, supporting brackets near the ends and at half length may be 
necessary. The flanged plate stiffener (¢) permits of large variation and is therefore especially useful at 
horizontally stiffened bulkheads. 


* The more familiar paragraph numbers have been used throughout the paper. rather than those recently introduced 
with the revised Regulations. 
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The stiffening shown in (d) consists of a flat bar flange welded to a plate web, the depth of which 
may be varied throughout its length to suit loading, for instance at free-ended stiffening or where the end 
brackets are cut from the same web plate. This arrangement is economical in weight, but owing to its 
cost is not employed in ordinary merchant practice. The type (@) is most suitable for the fitting of plate 
collars at watertight and oiltight flats, and involves less notching out in way of stringers. The 
corrugated bulkhead form shown in (/) and Plate 3 has been frequently adopted. Welding is reduced 
to a minimum and the spacing and depth of the flanges can be modified to suit any bulkheads 
from oil fuel deep tanks to divisions. A disadvantage is that the plating thickness from the top to the 
bottom of the bulkhead must be the same. Special attention should be paid to the fitting of these 
bulkheads, at their boundaries and to stringers. 

So far as is known, no results of large scale experiments on the relative efficiency of riveted and welded 
stiffening have been published in this country. 

Cases of failure in way of structural discontinuities have occurred where special attention has not 
been paid to the arrangement and execution of welding at these parts. It is considered that welded deck 
connections at the corners of large deck houses should always be made with good ductility electrodes. 
Sill and coaming plates in way of door openings in deckhouse sides butt welded vertically in the line 
of the sides of the openings should be avoided. ‘These have given trouble even in short houses. 


Electric welding is essential in the construction of modern stream-lined rudders and fairing plates at 
stern frames. An example is illustrated in Plate 4. It shows a rudder of entirely welded construction 
which revolves about a fixed circular post. 

Fig. 4 shows a tug boat stern frame built up by welding. The lower part is cut out of a rolled slab, 
the boss alone being forged. An unusual form of boss construction for twin-screw ships is shown in Fig. 5. 
A mild steel tube of substantial thickness is welded between the spectacle bracket castings and the after 
peak bulkhead. A separate stern tube is thus eliminated and the bossing is completed by welded plating 
between the tube and shell plating. 

Raked curved plate stems are very popular in this country, the butts and stiffening webs being 
usually welded. In many cases the stem plates are carried right down to the keel, thus eliminating 
castings. 

The absence of overlaps, rivet heads, faying flanges and lugs in welded tanks is a very real 
advantage. In deep tanks carrying vegetable oil the cleaning out is greatly reduced and coating 
and preservation of double bottom tanks is also simplified. For tanker construction particularly, the 
design leads to easy drainage and lower maintainance costs. Leakage may be generally entirely 
eliminated. The Germanischer Lloyd does not now require cofferdams at the ends of oil cargo spaces 
provided the oiltight bulkheads, including their boundary connections, are entirely welded. A number 
of small tankers completely or partly welded have given full satisfaction in service and repeat orders have 
been placed. Larger tankers embodying considerable welding are referred to in Table 1, but work on the 
scale recently carried out in the United States (7) has not yet been undertaken here. The question of 
repairs, particularly to shell plating, deters many owners from accepting welded construction. 

The reduction in structural weight possible with welded construction has, of course, an important 
influence on design. In the all-welded tank lighters referred to on page 1, the total weight of plates and 
sections was stated to be 30 per cent less than for normal riveted design of the same dimensions, the 
deadweight being increased by 11°5 per cent. 

By the use of welding in the large express liner (No. 1, Table 1) a 13 per cent saving in structural 
weight was effected. 

The ferry boats (No. 7, Table 1) were built under very severe contract conditions for deadweight, 
draught and speed, with which it would have been impossible to comply without the extensive adoption 
of welded construction. 


In the all-welded tug (No. 6, Table 1) advantage was taken of the opportunity to fit unusually 
heavy shell plating, which would be of especial value for her service. 

Extensive investigations into the fatigue strength of welded connections have been made during 
recent years in Germany, principally in connection with the design of bridges and of machinery. The 
work carried out through the co-operation of technical bodies interested in bridge work has been 


particularly comprehensive (8). These tests were mostly made on welded specimens subject to cycles of 
tensile stress, the testing machines having a capacity of about 60 tons—much in excess of that available 
in Great Britain. Check tests were made at several proving establishments, and the results may be 
considered authoritative. A description of these experiments and of the apparatus used has been given 
by Bondy (9). 


Fatigue strength is, of course, greatly influenced by abrupt change in section of the material under 
stress, causing a concentration or alteration in direction of the lines in force. The above experiments 
demonstrate this influence on welded joints. Compare, for example, the butt welds shown in Fig. 6. 
In A, sharp undercutting is present at the junction of the weld and parent metal, and in B and D, the 
root runs have insufficient penetration, these faults resulting in premature failure under test. Weld C 
on the other hand, with light flat rnns covering and penetrating the edges of the main weld section and 
the bottom of the “* V,” gives a fatigue value nearly double of that for A and D. The faults indicated 
were, however, not sufficient to affect the ultimate tensile strength, which was approximately the same in 
all cases. 

The piling up of weld material at the surface of a Vee butt does not increase but rather decreases 
the fatigue strength, which is also very sensitive to the presence of porosity, slag inclusions and lack 
of fusion. 


Fillet welds, even when carefully executed, do not provide as high fatigue values as good butt welds. 
This is due to the change in direction in the lines of force and to the unavoidable notch effect at the 
unconnected surface between the two members. ‘Thus Fig. 7 B has a strength of only 6 tons per sq. in. 
and A, with convex welds and undercut, is even less efficient. The joint B can be improved oyer 50 per cent 
by veeing out as shown in C, thus providing a more direct connection free from notch and also increasing 
the tensile strength. In bridge building the substitution of full butt connections in place of fillets has 
been effected by using a special section, or T bars as shown in D. 


In Fig. 8 are given comparative results for fatigue strength of various welded joints, and also the 
effects of undercutting (A) and of the end craters (C), according to another authority (10). 


From the above experiments the following conclusions regarding weld connections subject to 
fluctuating direct stress have been arrived at :— 
1. Weld material having high ductility gives the best results. 
2. Undercutting, porosity, slag inclusions and lack of penetration have very deleterious 
. a 5? ” . 5 . . . ¢ 
effects. Where such faults are in evidence the advantages of better quality material are lost. 
3. Weld material should have a smooth surface, the runs being regular and free from end 
craters. 
1. Vee butt welds should have a back run, properly penetrating into the root. 


5. Butt welds are preferable to fillets. Overlaps should be avoided. When fillets are used 
these should be concave and not conyex in section, 


While opinion is sharply divided as to the importance of fatigue as a basis for hull strength, these 
experiments made in connection with other branches of welded construction have a very definite value 
for ship design, where structural members are subject to fluctuating loading. Reference to the Welding 
Symposium and subsequent papers shows that designers are alive to this problem, but experience in ship 
structures, necessarily extending over a number of years, has yet to be collected. The experiments provide 
emphatic endorsement of the standard aimed at for first class shipyard welding, although owing to 
practical and economic difficulties this standard cannot yet be fully realised. With regard to item 5 it is 
worth mentioning that where decks abut on to transverse bulkheads, for example, it is good practice to 
vee the plating out from aboye, thus providing a butt weld with a back run from the underside, instead 
of running fillets along both upper and lower edges. 


In Figs. 9 and 10 are shown examples of the standard symbols for welded connections which have 
been in use in Germany for many years. These symbols are chosen to provide as far as possible a 
pictorial representation of the various connections and are consequently easily understood. They have 
been generally used in the sketches accompanying this paper. 


2. ELECTRODES.—Typss. 


1. Bare.—Welding in Germany both in merchant and naval shipbuilding was carried out during 
the earlier years almost exclusively with bare electrodes, and their use at the present time is still very 
extensive, 

These electrodes possess a number of advantages. They are cheap, provide good penetration, 
especially at the striking of the arc, and hence are very handy for tacking. They can be worked 
vertically and overhead without particular difficulty, and there is little slag to be dealt with. They 
require only moderate amperage, and can be handled by welders without extensive training. 


On the other hand, as the are is not shielded from the atmosphere, the deposit is to a varying degree 
filled with inclusions and blow holes, which may affect its water or oil tightness. The are is not steady 
and considerable loss due to spluttering and burning away takes place. ‘The deposited metal is of a cast 
and brittle nature and the surface appearance is rough. 

While satisfactory tensile values are attained the ductility is low, averaging 5 to 8 per cent. These 
electrodes are consequently not approved by this Society for work of primary structural importance, 
though they have been frequently used for such connections in vessels built under other classification 
(see Plate 6). 

2. CoreD.—This is an interesting type of electrode developed in this country, but comparatively 
unknown in Great Britain. It is widely used in some merchant yards and also for naval work. The 
electrodes have the external appearance of bare rods, but possess a non-metallic core amounting to about 
3 to 5 per cent of the sectional area of the rod, which is almost invisible to the naked eye. The core 
ingredients are filled into the hollow ingot, which is subsequently rolled down to the required diameter, 

The arc is not shielded from the atmosphere, but it is claimed that oxygen and nitrogen are rendered 
harmless by combination with alloying metals incorporated in the electrode, which are also chosen to 
provide the desired physical properties of the deposit. Up to the present it has been found impossible to 
weld bare electrodes to which an appreciable amount of such metals has been added. The non-metallic 
core serves to steady the arc and influences the welding speed and characteristics. 


The standard which can be attained with cored electrodes is indicated by the recent approval of one 
type for the full requirments of paragraphs 1 to 7 of the Society’s Rules. ‘The deposit tests gave ductility 
up to 24 per cent, with correspondingly good bend and impact results. Extensive and severe shipyard 
tests have also- proved satisfactory and this electrode is now in regular use (see Plate 7). 

Cored electrodes are naturally more expensive than bare rods. The advantages claimed are that they 
possess the good properties of bare rods, together with the improved qualities of coated, without the 
practical shortcomings of the latter. They can be welded overhead and vertically without difficulty or 
undercutting, and penetration is good. The slag produced is in the nature of a thin skin which can be 
brushed off and does not hamper the welder in his work. In contrast to coated electrodes, the rods can 
be bent without damage and the core is not affected by dampness. Some cored electrodes appear to be 
sensitive to arc blow, and as with all types, welders have to get to know their special characteristics. 
A description in English of these electrodes and their properties has been given by Leitner (11). 

3. CoarEeD.—These can be subdivided into two types, namely lightly coated or dipped, and medium 
or heavily coated. The former are only capable of satisfying paragraphs 1 to 6. There are several such 
electrodes which are suitable for general work and extensively so used. They require somewhat more 
current than bare electrodes and can give good vertical and overhead results. The light coating appears to 
steady the arc and produces little slag. 

The more heavily coated types have only in recent years been widely developed here. The list of 
approved electrodes issued in November, 1934, contains a total of 20 types of German manufacture, only 
five of which satisfied paragraphs 1 to 7. 


Paragraphs 1 to 7. Paragraphs 1 to 6. 
4 Heavy coated. 8 Bare. 
| Medium coated. 1 Cored. 


5 Light coated. 
1 Medium coated. 


——— eee 


The list published in January, 1937, contains 14 additional German types, 11 of which comply with 
paragraphs 1 to 7. The details are as follows :— 


Paragraphs 1 lo 7. Paragraphs 1 to 6. 
3 Heavy coated. 2 Bare. 

7 Medium coated. 1 Light coated. 

1 Cored. 


The trend of development is thus clearly indicated, although some of the new types have not yet 
found a large market. Medium coated types have been most extensively adopted for shipyard work. 
The spiral windings so familiar in Great Britain are practically unknown in Germany. 


The earlier coated electrodes, while giving good results for downhand work, were difficult to use 
vertically, and often almost impossible overhead. Undercutting was frequently pronounced and the slag 
in some cases difficult to distinguish from the metal, liable to be trapped and not easily removed. Heay 
“fuming” was also developed. ‘These troubles were real, but no doubt accentuated by the fact that the 
welding was done by men having little or no previous experience with coated rods and the technique 
necessary for their successful use. The prejudice against this type of electrode on the grounds of 
practical difficulties not experienced with the uncoated rods, so extensively used here, can therefore be 
understood. German opinion on this subject in 1985 has been recorded in a paper by Strelow (13). 


Creat improvements have, however, recently been made in coated electrodes of German manufacture, 
and the practical objections to their use are no longer valid. Several types approved by the Society for 
welds of primary importance give good results under the most difficult shipyard conditions and are now 
regularly employed. Undercutting can he eliminated even in vertical welding, and the slag lightly 
chipped or brushed away. Examples are shown in Plates 8 and 9. Welders “brought up” with uncoated 
electrodes have found little difficulty in working with them and have been surprised at their good 
qualities. Their price has also been considerably reduced. The higher current necessary has not been 
found to give rise to serious distortion or contraction difficulties. 


An important requisite of coated electrodes for shipyard use in this country is that they shall be 
suitable for welding on the negative pole, the equipment being so arranged for direct current working 
with bare or cored electrodes. 


The electrode position in Germany is in an interesting stage of development. As already stated, 
bare wire electrodes were used for naval shipbuilding in the early years, but it is understood that cored 
electrodes have now largely taken their place. The Rules of the Germanischer Lloyd, which do not 
require high ductility weld material for work of primary structural importance, have had a strong 
influence on merchant shipbuilding. These Rules, issued in 1931, are admittedly based on naval 
practice (12). 


While some shipyards work with the higher quality electrodes only when these are called for by 
Classification Society requirements, others have introduced them without external pressure, their attitude 
being that the additional cost and training of welders is repaid by the better results obtained. 


The high rate of deposit possible with some coated electrodes, particularly when the larger gauges 
are used, is an important point in their favour which is beginning to make itself felt. 


A change of electrode types in yards haying a long established practice and in which a large number 
of welders are employed is not easy, and a continued, though probably less extensive, use of low ductility 
types may be expected for some time to come. 


Shipyard welding is generally carried out with 4 mm. (8 gauge) and 34+ mm. (10 gauge) electrodes, 
the latter being largely used for overhead work, particularly with coated rods, for root runs and for light 
material, Five and six.mm., coated rods are being increasingly employed for downhand work under workshop 
conditions, resulting in higher output. 
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The corresponding current depends largely on the type of electrode and on the working conditions. 
The following figures for downhand work with 4 mm. rods are therefore only approximate :— 


Bare and cored ... “ee se. ove es 120/140 amps. 
Lightly coated ... ee “as = a 130/150, 
Medium and heavily coated... 2 ait 130/180 ,, 


Generally speaking, rather more current is necessary for overhead work with bare or cored rods and 
less for vertical and overhead work with coated rods. Vertical welds are usually made “from bottom to 
top” with coated, “and from top to bottom” with the other types of electrodes. 


Experiments have also been made with larger gauge electrodes. A vee butt for { in. plating, for 
example, was welded downhand with 3 runs of a medium-coated electrode as follows: the first run 5 mm. 
at 190 amps., the second run 8 mm, at 430 amps. and the final run 9 mm. at 510 amps. The capacity 
of the direct current welding machines available being insufficient, alternating current from a static 
transformer was used. The welding was done by hand in very hot weather and the welders’ job was not 
to be envied. The penetration and appearance of the work was good and no angular distortion was 
observed. The contraction across the weld was. however, twice that measured for the same electrode 
using normal gauged rods. No regular shipyard use of these large diameter electrodes has been made. 


Automatic welding machines erected in a naval yard have been described in the Technical Press, but 
in contrast to modern American practice (7), these have not found fayour for merchant work, 


3. CURRENT SUPPLY. 


Alternating current welding, through increasingly used in non-marine works, has made little headway 
in shipbuilding. Bare and cored electrodes must be welded with direct current, the electrode being 
connected to the negative pole. Shipyard equipment is therefore arranged for direct current working, 
and as already mentioned, the coated electrodes manufactured here have consequently been developed to 
work under the same conditions. At the maker’s request duplicate acceptance tests using alternating 
current haye in several cases been satisfactorily carried through. 


The advantages of alternating current for coated electrodes, particularly in smooth running and easier 
working at corners and ends due to the elimination of arc blow, as well as the simplicity and absence of 
moying parts in the transformers, are more than offset by the cost of installing the new equipment, which 
would only be available for coated electrodes. Further, several fatal accidents have taken place where 
alternating current has been used in enclosed spaces. Although the voltage of the latest types of 
transformers has been considerably reduced, managers are naturally reluctant to accept the responsibility 
for such plant in shipyard use. 


By far the most common source of current supply is the single operator portable machine, which can 
be set up wherever required in the yard, on board or for repair work. The set consists of an A.C. motor 
fed from the mains, direct coupled to a suitable D.C. generator with the necessary control gear for current 
adjustment. The machines are sturdy and simple, running continuously with the minimum of attention. 
Each welder has an independent current supply, an advantage not available with the semi-portable multi- 
operator generators which are sometimes used. On board, the welding machines should be as close to the 
work as possible to avoid cable losses, and so that a long journey is not necessary for the welder to adjust 
his current. The latter is a most important point—laziness being not unknown even in this hard-working 
country. 


The more elaborate arrangement of large D.C. generators supplying welding shops and also extended to 
the building berths has been adopted in some of the larger works. Each welder then connects up through 
a portable resistance fed from the D.C. supply. Faerman (28) gives interesting figures relating to the 
economy resulting for central current supply based on experience in the Penhoet yard. The single 
operator machine, however, easily leads in popularity in this country, for large as well as small shipyards. 


——— — 


Though the necessity for good earthing is obvious, the following experiences show that this does call 
for special attention. In one case, where welding at the building berth was being carried out, men 
standing on the ship handling material being lowered from a crane, received a most unpleasant and 
surprising shock. It was then discovered that no earth leads from the ship to the ground had 
been connected up, and the wood blocks and shoring being poor conductors the circuit was closed in this 
unorthodox and dangerous way. On another occasion a ship on which welding had been carried out afloat 
was found on subsequent examination to be pitted, particularly on the side which had lain next to the 
quay. It was ascertained that no leads connecting the ship while afloat direct to the quay had 
been provided, the earthing having taken place through the hull to the water, with serious electrolytic 
results. 


4. PRACTICE. 


Preconstruction is essential to obtain the best results, practically and economically, from welded 
fabrication. The extent to which such work is carried out depends, of course, on the type of construction 
and on the facilities at the individual shipyards. Some yards are equipped with large covered welding 
shops (Plate 11) with lifting capacities up to 20 tons or more, cranes of similar power being 
available for transport to and above the building berths. Other yards carry out preconstruction work on 
open unprotected spaces and are handicapped by less powerful lifting arrangements. The advantages of 
shop welding are obvious. The work is carried out under cover, delays due to bad weather are avoided, 
the plant is concentrated and supervision 1s easier. The parts can be assembled and turned over as 
necessary to provide the best welding position, overhead work being eliminated as far as possible. 


As examples of preconstruction the following may be mentioned :— 
Sections of flat keel, centre girder and middle line strake of tank top, Plate 16. 
Sections of tank top plating with floors and intercostals, Plate 12. 
Engine seatings, either incorporated in the double bottom or laid on tank top, Plate 11. 
Margin plates with tank side brackets and gussets, Plate 3. 
Bulkheads, complete with stiffening, Plates 3 and 5. 
Tunnel structure, Plate 3. 
Sheerstrake to stringer plating. 
Deckhouses. 
Stems and streamline rudders, Plate 4. 


Special care is of course necessary to avoid deformation and damage in transporting and fitting some 
of these items on board, for example, the long arms of tank side brackets at the ends of the double 
bottom, and bulkheads stiffened only in one direction. 


The assembly sequence for a longitudinally framed double bottom, the individual parts of which 
have been preconstructed, is shown in Fig. 11. 


Plate 5 illustrates a 180 ft. oil tanker, the midship portion of which was entirely welded with the 
exception of the shell seams. The longitudinal and transverse bulkheads, as well as the transverses, were 
welded on the ground. The photo, taken 14 days after the laying of the keel, demonstrates how 
preconstruction reduces the period during which the berth is occupied, an important consideration in 
these days of quick deliveries. 


In this and in similar welded ships built in Germany it has not been found necessary to make 
provision for adjustment during construction by the fitting of overlaps at longitudinal and transverse 
bulkheads as was done in two vessels recently built in Canada (14). The bulkhead panels are welded 
direct to each other and to the shell, the large amount of additional welding which overlaps involve being 
avoided. Provided careful allowance for contraction is made when marking off, and the welding is 
carried out in a correct sequence, the results are quite satisfactory. 
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Plates 8 and 9 show details of the welded bulkheads for a 350 ft. tanker. Owing to their size and the 
limited lifting capacity at the shipyard, these bulkheads were erected in sections which were connected on 
voard by overlaps having widely spaced bolts, the assembly holes being riveted up after the fillet welding 
was completed (Plate 9). The overlaps were, therefore, only fitted on practical grounds. It may be 
mentioned that the end connections of the top and bottom strakes of the centre line bulkhead were butt 
welded. 


In the all-welded tug, Plates 14 and 15, straight sections were adopted to reduce the working of the 
shell plating and framing. One knuckle was arranged forward and amidships, and two aft. Cored 
electrodes were used. No difficulties were met with during the welding of the shell plating along these 
knuckles, in contrast to the experience with much heavier plating at the fore end of a cruiser referred to 
by Sherwin (15). 


Welded butts are generally veed, even with light plating, but for thicknesses exceeding about 
16 mm. the double V or X form is used. The latter reduces the amount of weld material considerably, 
and owing to welding from both sides, also more or less eliminates angular distortion. The X form, 
however, involves overhead welding at the keel or bottom shell, and the Vee at the upper side is 
therefore made two-thirds of the plate thickness. 


V welds are usually given a closing run from the reverse side. While this should, in the author’s 
opinion, be a general practice, it should be insisted upon not only at primary connections but also at all 
water and oiltight surfaces. 


Some yards make a practice of chipping out the material at the base of V and X welds with a shaped 
y ] pping | 
tool, before making the back runs. This not only ensures good penetration and removal of slag, but 
gives the Surveyor an opportunity of examining this important part of the weld. 


The gap at the base of Veed edges cut with a pneumatic chisel—the practice in some of the smaller 
yards—is sometimes irregular and difficulty has been experienced when making the root run with coated 
electrodes. Due to the comparatively greater heat required with the coated rod, even of small gauge, the 
edges of the Vee tend to burn away, giving an irregular run with slag traps which are not easily cleaned 
out. In some such cases it has been found that bare or dipped electrodes gives a better root deposit. The 
question has been raised as to whether the use of these electrodes may be permitted at “paragraph 7” 
connections for the light root run only. 


In this connection, Sherwin (15) states that difficulty has heen experienced at the root run with the 
special quality electrodes used by the Admiralty for D quality steel, and the laying down of this run with 
ordinary electrodes has been permitted. 


Plate edges are generally chamfered by planing, but flame cutting is also sometimes employed. 
Research in this country (16) indicates that, provided the flame temperature is kept low and the 
surfaces well cleaned *before welding, there is no objection to this practice, thus confirming British 
opinion (17). 


When riveted seams are fitted in conjunction with welded butts, definite procedure and precautions 
are necessary to ensure satisfactory work. The butts must be welded first so as to allow free contraction. 
(Cases have arisen in which broad and thick plates, the seams of which were first riveted, have fractured 
right across shortly after the welding of the butts. 


Unless special precautions are taken, the seam holes will not be fair after welding the butts, due to 
the inevitable contraction. This may be overcome by punching or drilling these holes small and 
reamering up when the butts are finished—an expensive job. Fig. 12 illustrates a procedure which has 
heen adopted to deal with this problem. Preliminary experiments are made to ascertain the amount of 
contraction produced at butts of the required thickness of plating with the electrodes and method of 
depositing proposed to be used. This figure averages about 2mm. The plates are then marked off, the 
seam holes drilled and the butts planed for a gap at the base of the Vee equal to the required welding 
gap minus the contraction allowance. Sets of pop marks corresponding to a certain “ finished” gauge 
length across the butt are made on the plates. These are then erected on board. 
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In the case of flat plate keel and bottom shell, the welding of the butts takes place in the following 
order :—keel, starting amidships working to both enda: next & garboard strakes, both sides being dealt mit 
at the same time; then the adjacent strakes, and so on always working from amidships to the ends. 
Before each butt is welded, the two plates are separated so that the distance between the gauge marks is 
equal to the finished gauged length plus the contraction allowance, the seam rivet holes being thus unfair 
before the welding commences, and being drawn into their correct position by the contraction when 
welding is finished. 


Drilling instead of punching of the holes plays a large part in the attainment of the high standard 
necessary for this work. ‘The procedure is the regular practice in more than one yard when dealing with large 
flat areas of plating. It has the great advantage of making definite allowance for ¢ ontraction instead of 
leaving this to look after itself, lei ading sometimes to unpleasant and expensive complications. 


Sutts should be welded continuously from side to side, or better, with two welders working at the 
same time from the centre to each side. Where fairing bars are tacked across the butts—not usually 
necessary With overlapped riveted seams—these should be flats or angles fitted with the toe to the plating 
so as not to interfere with this continuous welding. If angle bars are fitted with the flange to the 
plating, the parts of the butt so covered must be welded afterwards. These short lengths of weld must 
necessarily be under considerable stress, and unless special precautions are taken in their welding they are 
liable to fracture. 


It is for practical reasons generally impossible to complete the welding of butts of one strake before 
erecting the next. Special arrangements have, therefore, to be made for the welding of the ends of butts 
covered by overlaps of adjacent plates. Fig. 13 shows how this is usually carried out. Where the Vee 
edges are planed, they are chipped out as shown in A, and welded from the opposite side, a copper strip 
being placed between the overlapping plates. This produces the strange appearance on the reverse side of 
a light sealing run across the body of the butt with a wide clump of material at each end, which at the 
bottom shell, “for example, must be welded overhead. Where the butt edges are chiselled and not planed, 
the direction of the V may be reversed as shown in B. 


The arrangement for decks shown in © is not recommended. The butt is cut back and not welded 
in way of the overlap, a short fillet only being run along the overlapped edge. This difficulty has also 
been overcome at side shell plating by arranging the Vee of outside strakes from outside, and of inner 
strakes from inside. 


How should a butt of two plates fixed at their opposite ends be welded ? Such cases do unfortunately 
sometimes arise, though everything should be done to avoid this occurring in any position except at the 
ends of the ship. Where the seams of the two plates are not fixed, these can be wedged up at a short 
distance on each side of the butt. In this manner sufficient freedom is provided so that on the removal 
of the wedges after welding the butt should be free from internal stress. 


The fortunately rare cases in which the seams are also fixed call for very careful treatment. 
The restriction of the hee iting effect during welding is then the most important consideration and this can 
be realised by building up the weld with beads from small diameter electrodes. 


Experience with one particular butt illustrates this. The plating was comparatively thin. The butt 
weld was first made with a one run of 4 mm. diameter high ductility cored rod, but fractured. After 
cutting out, the welding was repeated, using a 4 mm. coated electrode havi ing very high ductility, but again 
fractured. Finally three runs of 2 mm. diameter cored electrode were made, the connection being 
satisfactory and having given no subsequent trouble. Successful results have also been obtained by 
“peening ”’ with a light hammer, the ring from the blows indicating quite clearly when the tension in the 
weld is relieved. 


Butts in which the root gap is slightly in excess of the rule amount have occasionally to be 
dealt with. 
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The usual practice here in such cases is to fit a back strap about the thickness of the connected 
plating welded on both edges. The material in the Vee is welded first, and is generally deposited from 
high ductility electrodes, though these may not be normally called for, and small diameter rods should 
also be used. “* Wide butts” have also been welded without straps. In this case, material is built up 
from one side of the Vee, a copper plate being fitted at the under side, till the opening is reduced to the 
normal. This material is then left for some time to cool off thoroughly, and the final welding carried 
out as usual. 


Long lengths of butt welded bulkhead seams worked on a welding bed are held flat most 
conveniently by weights along each side and lightly tacked in position. The root and subsequent runs 
are, in some yards, made by two welders working concurrently from the centre towards each end. If the 
welding is not done continuously buckling may take place, espec ially with light plating. ‘Stepping 
back,” “which rejoices here in the picturesque name of * pilgrim’s s pace” (Pilgei ‘schritl), is also frequently 
employed. One yard has found the practice of “ stepping back” the first run very successful, the second 
being made continuously from one end to the other. 


Where long seams are welded on board, fairing is not so easy, and bars tacked across and parallel to 
the seams may “be necessary. ‘Stepping back” is advisable for such work. If some buckling takes 
place, this can often be relieved by slightly heating the affected parts by blow lamp or by runs of 
welding. Plate 10 shows the all-welded deck and trunk of a small tanker; Plate 13, the bossing of a 
large ship, the butts and seams of which are flush welded, the framing being riveted. 


In contrast to the British Naval practice of making all fillet welds continuous (15), the German 
Admiralty procedure described by Lottmann (2) is to restrict continuous fillets to oil and watertight 
connections, all others being intermittent. Lottmann states that intermittent welding produces less 
angular distortion, and parts so connected have not given trouble from corrosion after a number of 
years’ service. German merchant practice follows the “Naval generally in this respect, though bracket 
connections are usually continuous. An example of chain welding at brackets in a longitudinally framed 
tanker is illustrated in Plate 7. 


Intermittent welding has the advantage of wide variation. The welds may be chain or zigzag, and 
their throat thickness, length and spacing modified as necessary, being thus very suitable for frames, 
beams and stiffeners. Corrosion conditions on merchant ships are more severe than in war ships, and the 
results of examination of such connections at special surveys will be instructive. ‘The Rule requirement 
that surfaces should have a close fit should be strictly adhered to, and any gaps between faying surfaces 
sealed by light continuous runs. This additional welding is found much more frequently necessary for 
work carried out on board than where preconstructed. 


With regard to the recommendation that welded connections should be arranged all in one direction 
to avoid distortion, it has been found, for example, that bulkhead stiffeners welded intermittently at 
right angles to plating seams do not give rise to such difficulties. 


Angular distortion at fillet welds requires special control. At connections such as centre girder to 
flat keel and centre strake of tank top, or engine seating top plates to vertical girders, the plates may be 
slightly knuckled before welding to counteract this effect. At lar ge areas of plating, such as bulkheads 
and shell, this is of course impossible, and it is therefore necessary to lay down the fillets so that waviness 
is reduced to a minimum. It has been found that running the weld deposit by weaving instead of 
beading considerably restricts the distortion (18). This can be confirmed by the simple experiment of 
welding two fillet samples, the first by weaving across in one run, and the second by building up with 
several beads from a smaller gauge rod, time being allowed in the second test for cooling off between the 
runs. The second sample will be found considerably more distorted than the first. 


Intermittent fillets connecting stiffeners, etc., to plating are frequently made by weaving one run of 
fmm. rod up to a throat thickness of about 7 mm., and by a root bead with the upper runs weaved 
across for heavier fillets. The distortion with this procedure is very slight, but care must be taken that 
undercutting is avoided and that the roots penetration is good w here no bead is made. 


The double fillets at the boundaries of bulkheads in a large tanker, where an unusually heavy throat 
thickness was specified, were successfully welded in the following manner, which preliminary experiments 
had shown to minimise distortion. The root run was made with a light gauge electrode ; for the vertical 
fillets, subsequent runs were made with 3 mm. coated rods w saved in layers from side to side. Overhead 
the runs were perforce beaded. Examples of this welding are shown in Plates 8 and 9). 


The waviness at fillet welded bulkhead boundaries is generally more pronounced at decks than at the 
shell. While this may be partly due to the lesser thickness of the deck plating, the beading of the 
overhead fillets is probably also a contributory cause. Weaving is not favoured by some British 
authorities (19), (20), but Bibber’s experiments (21) indicate that welds made in this way may, under 
some conditions, be better than beads. This method of laying the deposit has been widely adopted here, 
with satisfactory results. 


In making a normal weayed weld, the electrode is constantly in motion, and overheating is thus 
avoided. The conditions are quite different when attempts are made to fill up short and wide gaps with 
weld material by working the electrode over a small area, thus producing a greatly overheated molten pool 
of metal which will probably fracture on cooling or when hammer tested. A gap of this nature might 
occur, for example, if the flat bars on the floors in Fig. 1 do not butt closely against the seating top 
plate. The Surveyor should keep a sharp look out to ensure that where such gaps do exist, the welding 
procedure adopted will not give rise to overheating. 


Cases inevitably arise where parts to be continuously fillet welded together cannot be drawn up close. 
When the gaps are small, they may be soundly welded by chamfering the edges of the abutting member. 
The root deposit from one side should be chipped away before welding from the reverse side, to ensure 
sound work and good penetration, Fig. 14 A. If the gap is conside rable, the abutting plate can be cut 
back carefully, and a filling piece inserted of sufficient width to keep the double fillet welds then necessary 
on each side well clear of each other, Fig. 14 B. 


The rudder shown in Fig. 15 is so designed that the “shell” plates can be welded to the horizontal 
and vertical stiffening plates as far as possible from the inside. The two closing plates must of course be 
welded from the outside. For this purpose slot welds are often used, see Fig. 16 (). The stiffening plates 
are cut with projecting lugs passing through the corresponding slots in the outside plating, the lugs being 
used to draw the parts together before welding. The slots are bevelled and Vee welded all round, with 
a closing layer all over. 


Two butt welds run parallel and so close together in the body of a solid plate must necessarily be 
under considerable internal stress. The slots should therefore have as close a fit as possible round 
the projections so that the root welding may be sound. These welds sometimes fracture when the 
projections are cut away and are often found leaky on examination at subsequent surveys. High 
ductility electrodes have given the best results for such work. 


An alternative method of connection which does not, however, allow for drawing up, is by plug 
welding as in (¢). For connections to stern and rudder frames these slots can be made broader and a 
fillet weld all round is then only necessary (a). The filling up of the whole slot with weld metal, though 
giving a better appearance, does not improve the strength of the connection, but must again give rise to 
internal stress. 


5. REPAIRS. 


Several large scale repairs to welded construction haye been successfully carried out here. Direct 
information is not easily obtained as to the cost of such work relative to that for riveted repairs. The 
facilities at Hamburg are certainly favourable, the repair works being departments of building yards 
experienced in welding. 


Severely damaged material has not generally been found liable to failure at the welding, even when 
bare electrodes have been used. 
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Removal of damaged shell plating in way of welded double bottom structure involves burning 
through the floors, intercostals, etc., above the fillet welds to the shell, chipping out the welds being far 
too slow and expensive. If the double bottom is coated with bitumastic, burners cannot safely work 
inside the tanks, and it is then necessary to cut holes in the shell to allow the men access from outside 
the ship. This, of course, involves scrapping plates which, if riveted, could be removed, faired and 
replaced. It is, therefore, very strongly recommended that, in welded tanks, bitumastic should not 
be used. 


Distorted floors, girders, etc., are burned wholly or partly away as necessary and new parts welded 
fitted edge to edge. Even for such repair work German practice does not favour the overlapped 
se which, though not requiring such accurate fitting, involves much more welding. Many owners, 
while not objecting to welding of internal parts, require all connections to shell plating to be riveted for 
the sake of facilitating repairs. 


Where good facilities are not available or when time is short, welding will certainly be largely 
replaced by riveting during repairs. 


Panting and similar cracks in plating welded up after veeing and drilling holes at each end are 
reinforced whenever possible by fitting an inside doubling in way. Where necessary, the shell flange of 
frames or intercostals are cut away to allow of this and subsequently welded to the doubling. In view 
of the internal stress which must have been present to have caused the plating to fracture, as ‘well as that 
due to contraction in the weld, the precaution of fitting a doubling, particularly in way of cargo spaces, 
seems fully justified. In our experience here repairs made in this manner may be considered permanent. 


A method recommended for repairing fractures in the body of plating is to weld up after veeing 
out, and driving a narrow wedge through the middle of the length of the fracture. After welding, the 
wedge is knocked out and the contraction stress on the weld thus relieved. Personal experience of this 
procedure would be interesting. 


Welded repairs to the cast steel sternframe of a large twin-screw tanker carried out in 1934 at a 
German port are illustrated in Plate 17. As a result of collision, the semi-balanced rudder was lost, 
and the large gudgeon at the heel of the sternframe broken off. The sternframe was dressed off to 
provide a straight clean surface. A new gudgeon was forged, machined and welded as shown. The 
material was veed out from all four sides, leaving the neutral axis unwelded and thus ayoiding the 
difficulties of depositing in a very deep notch. 


This welding was carried out continuously in three shifts for about six days, two men being always 
at work. The bottom and side reinforcing plates, the latter in one piece from side to side, were then 
fitted and plug welded to the sternframe. 


4 mm. cored electrodes were used throughout, each run being lightly hammered and wire brushed. 
About half a ton of electrodes were required for the whole job, “the total welding time being approxi- 
mately 660 hours. The repair on examination at later dates has been found entirely satisfactory. 


6. INSPECTION. 


A number of points which appear to call for a Surveyor’s special attention have been already 
mentioned. The fundamental importance of correct procedure must always be kept in mind. Though 
welders may use good quality electrodes and lay down the material correctly, the results can be quite 
unsatisfactory at the ship if allowance for contraction and distortion is not made. The Surveyor should, 
therefore, keep himself constantly informed as to the progress of the work and discuss problems with the 

yard manager and welding foreman. It is cert ainly in the interest of the Surveyor as well as of the yard 
officials when such co- operation is established. 


Where a great deal of welding has not been carried out, the tendency is to deposit too much 
material, to be “ton the safe side” and also due to insufficient control. This may, however, increase 
distortion and bring about other difficulties apart from the additional cost involved. A 25 per cent 


increase in throat thickness of a fillet, for instance, involves over 50 per cent additional material. 
Welders should be supplied with simple gauges and are generally found capable of laying down very 
regular fillets of the required throat thickness. 


Many yards prefer to carry out the training of their welders themselves, and thus build up a staff 
thoroughly acquainted with their methods, plant and electrodes. The extent of training and control of 
individual welders varies a great deal, and a Surveyor must use his discretion as to amount of check 
testing advisable. Yards which have done extensive welding and experimental investigation for a number 
of years are in quite a different position from those in which this type of work is an innovation or where 
a number of welders have to be quickly put on productive work and electrode types are not stabilised. 


Pests of welders should be made in a manner corresponding as closely as possible to the work they 
have to do. If the test pieces are small, heat transference is hindered, and earthing may be unsatisfactory. 
“ Are blow” towards the ends of the weld may also be pronounced with some types of electrodes. Such 
welding conditions do not correspond to those on board. For practical reasons check tensile tests cannot 
usually be made. Samples of butt and fillet welds prepared in different directions and bent up without 
or after “nicking” give good indications of penetration and soundness of the material. 


When a new type of electrode is introduced, thorough testing of the welders is essential. 
Surprisingly bad results have been obtained by experienced men when called upon to work an electrode 
with which they are not familiar. This has been observed when changing over from one make to another 
of the same type, but more especially when changing from bare to coated, or from coated to cored types. 


While X-ray testing is common for workshop structural welding, this has not yet been applied in 
shipyards. 


The Surveyor must rely generally on examination of the work itself. In this respect it is quite 
playing the game” when a welder is unaware that he is being watched. Type and diameter of electrode, 
the laying of the runs particularly at the root, proper cleaning before commencing and between runs, 
observation of the arc and penetration at the back of butts, as well as the appearance of the work, all 
create an impression, good, bad or indifferent of the value of the welding. A portable pocket screen is 
most useful. 


The ammeter also tells a helpful story, the steadiness of the pointer being more important than the 
actual current shown. The accuracy of those fitted to yard machines is not always above suspicion, the 
length of cable also affecting the current at the are. 


Very thorough examination of welded work is necessary, and this should not be left to the welding 
foreman or inspector alone. Welds are not infrequently found to be missing, mostly in those parts 
worked on board. Riveting has a finality lacking in welding. A forgotten rivet is easily spotted, but 
missing welding may not show up even when tanks are under test. 


In this country where so much welding with low ductility electrodes is carried out, it is essential 
that the foreman welder shall know precisely at what connections high class electrodes are to be used, 
and that welders adhere strictly to his instructions. A welder cannot be expected to know what parts 
are of primary structural importance. Such connections generally comprise a small proportion of the 
whole, and are entrusted to a few good men whose ability to work with the necessary electrodes has been 
proved. 


The experience of British observers (15), (22), that failures due to faulty procedure during 
construction take place shortly after welding has been carried out, has been widely confirmed in 
Germany. This affords considerable relief to those responsible, hut indicates the importance of 
examination not only during, but also some time after, welding. 


From a classification point of view it is of course fundamentally important, that welded connections 
should stand up successfully to protracted and severe service conditions. The real yalue of good work- 
manship and electrodes may only be appreciated many years after construction. 
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7. ECONOMICS. 


The question of welding costs is of the utmost importance in a commercial undertaking such as 
merchant shipbuilding. It is only to be expected that welding may prove uneconomical when first 
introduced. Expensive plant has to be installed and welders trained. Time is lost in many ways, 
unexpected troubles crop up and generally too much material is worked in, Methods adopted may not 
be suitable to the yard equipment. In fact, experience has to be paid for. 


That welding as practised in this country can, however, pay, is proved by the fact that it has been 
increasingly employed by many yards, varying from the largest to the smallest, over a number of years. 


In such works welding is adopted only after careful consideration of its economical suitability. It 
may pay, for example, to weld the midship structure of a small tanker and to rivet the ends, or to rivet 
seams and weld butts of shell and decks. ‘The supply of welders is a most important factor. In a big 
yard their number may run into several hundreds, but whatever the size of the yard, the “strength” 
should be kept as steady as possible. The men are then used to the yard methods and electrodes, and 
their capacities are known to the management. The amount of welding adopted should, therefore, be 
planned beforehand to suit the labour available and to ensure that this work can keep pace with the 
other trades. 


To obtain the best output from the plant, welders often work on shifts. Sometimes one shift 
assembles and tacks, the next concentrating on actual welding. 


Though welders in some yards work on ‘ time,” the more usual system is some form of payment by 
result. The men then have a financial interest in turning out acceptable work, but close supervision is 
necessary. Experienced men are also paid at a slightly higher rate. 


The cost of electrodes varies considerably. Some high-ductility coated and cored electrodes are more 
than three times as expensive as bare rods. Medium-coated rods giving very satisfactory results and 
easily complying with paragraphs 1 to 7 requirements have recently been developed, their price being little 
more than for some “dipped” rods having much inferior characteristics. The rate of deposit, particularly 
with the larger gauges, is also much higher. 


According to figures based on actual working results it has been found that using the more expensive 
electrodes, their cost represents about one-third of the total for current, electrodes, labour and overhead 
charges. In arriving at costs it is important to ascertain for what percentage of his working time a 
welder is actually ‘on are.” For shipboard work this has been found to be about 80 per cent, agreeing 
closely with figures recently published for England (15) and France (23). For work carried out in shops 
this percentage may be a good deal higher. 


On the other hand, odd” welding on board involving a great deal of shifting in relation to the 
amount of deposit made, may prove yery expensive and out of all proportion to any reduction in weight 
or * unsightliness ”’ realised. 


In conclusion the author wishes to thank various friends and firms for their willing co-operation, 
particularly by the provision of illustrations for this paper. 
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DISCUSSION ON R. B. SHEPHEARD’S PAPER 


ON 


ELECTRIC WELDING IN GERMAN 
SHIPBUILDING. 


W. THOMSON. 


Mr. Shepheard has given us a very complete picture of the position of welding in Germany 
to-day and his exposition of the different aspects of the subject is very valuable in view of the 
world-wide developments of this form of construction. The parts of the paper which appeal 
to me most are those dealing with electrodes and with comparative fatigue tests on different 
forms of joints. The first experiments made by Lloyd’s Register, carried out twenty years 
ago, included a number of fatigue tests. As it was necessary to use any available machine in 
the shipyard, and choice was very limited under the conditions then prevailing, the apparatus 
was rather crude, but the results showed that a butt weld would withstand about 70 per cent 
the number of alternations of a plain plate. Lap welds were tested against riveted laps and 
gave a comparative result of about 60 per cent, although, of course, the edge of the riveted 
lap opened after a very few alternations while the welded joint remained intact until fracture. 

The results given in this paper are valuable as showing the result of various imperfections 
in the weld. Mr. Shepheard refers to the lack of information regarding the relative merits of 
welded and riveted bulkhead stiffeners, and it may be of interest to know that the Institute of 
Welding in this country is embarking on a series of large scale experiments on this subject, 
which, it is hoped, will throw considerable light on the problem. 

On the question of electrodes it is reassuring to find that the use of the coated electrode is 
increasing in Germany. I attended the Symposium on Eleetrie Welding held two years ago, and 
one speaker from the United States expressed his surprise that uncoated or dipped electrodes 
were still in use in Europe, as their employment had been discontinued in America several 
years before. The necessity of ductility in the deposited material may be a matter for 
discussion, but it is obviously desirable, and it is pleasing to know that this is being recognised 
in Germany. One point that seems to eall for comment is the fact that the Germanischer Lloyd 
do not now require cofferdams in tankers where the bulkheads are welded. This certainly 
indicates considerable faith in the welded bulkhead, but it appears to be doubtful whether 
sufficient experience has yet become available to justify this step. 

[ notice that in a large liner a saving in weight of 13 per cent is claimed. Can 
My. Shepheard explain exactly how this very desirable result was secured? 


C. Liuoyp Roperts. 

I should like to make it clear that my remarks are not intended to be critical of this paper, 
but are made with a view to obtaining further information. As for a number of years now I have 
been removed from personal contact with practical shipbuilding, Mr. Shepheard’s comments on 
eurrent German methods will be very useful to me. 
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I propose to confine my remarks to Part 5 of the paper, which deals with repairs. Mr. 
Shepheard recommends that bitumastiec should not be used for coating welded double bottom 
tanks, owing to the fact that burners cannot safely work inside these tanks, if so coated, when 
repairs are being carried out to damaged shell plating. 

I assume he refers to the coating of the bottom with a bituminous compound in lieu of 
cement, and would suggest that where bitumastie is fitted, and repairs to distorted floors and 
intercostals are found necessary, it might be practicable to cut away the damaged members 
well clear of the coating and so, if provision was made for preventing the molten metal and 
sparks from falling on the bitumen, minimise the danger from fumes. 


Further, as I suppose the word “bitumastic” is applicable to all those approved bituminous 
compositions, it seems that any restriction regarding their use should at least not be insisted 
upon without very careful consideration. 

The statement regarding the use of riveting in lieu of welding for repairs where facilities 
are not available, leads me to ask whether, when considerable repairs to a welded ship are 
carried out by riveting, the resulting combined system is satisfactory or desirable from the 
structural point of view. 

With regard to the repair of fractures in shell plating by welding and doubling, the 
German Surveyors are by no means unique in regarding this repair as permanent, as, generally 
speaking, it would appear that most of our colleagues are of the same opinion and provided a 
substantial doubling is fitted, their recommendations that the repairs be considered permanent 
are usually coneurred in. 

Driving a narrow wedge into a erack prior to welding, appears to be an unusual method 
of ensuring the efficiency of the welded joint, and if necessary would seem to indicate that butt 
welding is perhaps not as perfect a method of joining two parts as its supporters would have us 
believe; as the author remarks “personal experience” of this method of repair will make 
interesting reading. 

With regard to the Plate 17 showing the welded repair to a cast steel sternframe, will the 
author please say if the fashioned plate on the outside of the gudgeon is only a wrapper plate 
and, if so, what provision was made for future inspection of that part of the welded connection of 
gudgeon to sternframe, which is thus concealed. 


In conclusion, I should like to add my quota of thanks to Mr. Shepheard for a most 
interesting and useful paper—the discussion on which will, when our colleagues in the Outports 
have made their contributions, I feel sure, amply repay him for his efforts. 


G. BuCHANAN. 


I think it will be generally admitted that the future of welding lies along the lines of 
extensive preconstruction on the ground and the lifting into place of large items already 
assembled, and the use of large gauge electrodes in order to speed up the construction process. 

Mr. Shepheard, in his paper, has given us a very good idea how far Germany has advanced 
in this important subject. They have gone in for preconstruction on a large seale, but it is 
interesting to note that the use of }in. diameter rods is confined to the welding shops and that 
8 and 10 gauge rods are used on the ship. The part of the paper which interests me most is 
the chapter dealing with electrodes. In this country the use of bare wire electrodes has been 
discontinued in shipbuilding, and for parts of secondary importance the light or heavy coated 
rod is used. For a country which has advanced to such a great extent as Germany, it seems 
strange that, in this respect, they are only now falling into line with the practice of other 
countries. 

Mr. Shepheard mentions the cored electrode, a type which is confined to German manufacture. 
The test results prepared for the Society’s approval were of a high order, but these electrodes 


were tried out in this country by welders used to bare wire work and the result was not a sueeess, 
thus bearing out the statement that welders used to one type of rod, cannot, without practice, 
produce a satisfactory result with a different type of rod. 

Under the heading of coated electrodes, Mr. Shepheard gives the impression that dipped 
electrodes are lightly coated and cannot pass the tests required for parts of primary importance. 
1 don’t think he means this, as a great number of Para 1-7 electrodes on the list are dipped 
electrodes and the thickness of the coating depends on the number of times the dipping process 
takes place. 

Another interesting point, which is contrary to the usual practice in this country, is the 
attaching of coated electrodes to the negative pole of the welding machine. There is a theory 
among electrode makers that the greater heat of the positive pole is better for the melting of 
the electrode coating and thus the electrode is easier to manipulate. It may be that the coating 
of German coated electrodes is easier to melt than the electrodes manufactured in this country. 

Finally, I would like to thank Mr. Shepheard for a very interesting paper and for the 
amount of material he has colleeted. 


C. D. SNEDDON. 

The author’s excellent and comprehensive paper dealing with electric welding practice in 
Germany is most welcome as offsetting the deluge of theory that has been issued on this 
subject in general. I have one or two general remarks which must be in the nature of a request 
for information rather than a eriticism of the contents of the paper. 

In reference to the welding in the “Deutschland,” I understand from a lecturer at the 
German Naval Academy at Kiel, that the results achieved in this ship were, to use his own 
words, “unhappy,” that great trouble was experienced from vibration stresses and that the 
welding gave considerable trouble. As I have not read the published results of this experiment 
in construction, I would appreciate a brief account if the author could furnish it. Incidentally, 
was there an extensive use of bare wire electrodes? 

In fact, the most controversial aspect of the paper appears to be the extensive use of 
bare wire electrodes and the confidence placed in them by various authorities. Surely the slow 
rate of deposit and the relatively larger quantity of weld metal needed for equivalent strength 
causes heavy local heating, consequent bad distortion, offsetting the presumed advantages of 
their use enumerated by the author in section 2 of the paper. Furthermore, if the plate 
surfaces are rusty, it is impossible to avoid oxide inclusion in the weld. 

Referring to alternating stresses in welds, it has become a practice recently to fabricate 
engine frames. Here is an instance in which the welding is subject to vibrational fatigue and 
impact stresses. The author has perhaps omitted mention of the German practice in this respect, 
possibly because it is outside the scope of the paper, but a reference to current methods would 
be weleome. Further, an important point arises when electrie welds are subject to low 
temperatures in service. In experiments conducted by Dr. Inglis on good quality butt welds as 
approved by Lloyd’s Register, he found that at temperatures likely to be met with in 
refrigeration work the impact values of butt welds deteriorate by 55-60 per cent of their 
original value, causing rather serious embrittlement. I would like to know, therefore, if in 
German practice it would be considered safe to use low ductility electrodes in the construction 
of refrigerated chambers. 

Finally, I would query the assertion that A.C. welding is smoother running than D.C. I 
remember in a lecture at Sunderland the Director of Research for the Murex Company failed 
to convince an audience of shipyard men that no greater skill was needed with A.C., and that 
equally good results could be obtained with both kinds of current. 


In conclusion, IT would like to thank Mr. Shepheard for this excellent practical paper 
to-night. 
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J. RANNIE. 


Mr. Shepheard, in his excellent paper, includes a chapter on economics wherein he stresses 
the importance of welding costs. He states: “That welding as practised in Germany ean pay, 
is proved by the fact that it has been increasingly employed by many yards, varying from the 
largest to the smallest, over a number of years.” I wonder if the author is prepared to admit 
that any inerease in welding costs over riveting costs may be hidden in the total cost and may 
be in part responsible for the increasing cost of ship production. 

In comparative figures rarely does one see included in the welding costs items covering the 
following :— 


Additional stagers. A riveting squad can and does handle its own staging, but a 
single welder never. 
Additional loftsmen. 


> 


A small army of “time” carpenters and platers preparing the work before welding 
and in attendanee while welding is in progress. Where pre-construction is favoured the 
turning of the large pieces and the fitting of temporary stiffening is costly. 

Acetylene burners and others employed straightening welded work 
the silent hours, when overtime has to be paid. 


especially during 


Time off by tradesmen other than welders to visit the ambulance room to have 
“drops” put into their eyes. 

Damage to paint work by fumes from galvanised work. 

Additional cost of cutting out bad work. 

Additional supervision. 

Cost of innumerable test pieces. 


In the average tanker the saving of weight cannot be very great, as the deck plating, 
topsides, bottom shell, deck and bottom longitudinals are based on an I/y ealeulation, and if 
seams and faying flanges are omitted additional plate thickness will be required to maintain 
the standard of strength. Similarly, all face material on girders and webs is required from a 
strength point of view. 

The author has been somewhat unfortunate in his choice of one of his interesting 
photographie illustrations. I refer to Fig. 3. Here we have a welded corrugated bulkhead 
erected with the boundary bar not riveted. The bar has not been left loose for adjustment as 
all the rivet holes are in. Had this bar been riveted on the skids the riveters’ and caulkers’ 
price would have been reduced by 30 per eent—work done on the ground. 

I would like to join my colleagues who have already spoken in thanking Mr. Shepheard 
for his very interesting and useful paper. 


A. T. R. SHEFFER. 

I notice that the use of bare wire electrodes is still in general practice in Germany and I 
should like to ask the author what the material of the bare wire is. I have personally tried 
out quite a lot of bare wire welding and found that Swedish iron rods gave quite satisfactory 
results when used for the process of building up and considerably cheapened the cost of the 
job. The tendeney to undercutting, however, is greatly increased by the use of Swedish iron 
and generally when using any bare wire electrodes. I think it is generally acknowledged that 
one of the worst and I would say by far the most common fault in a welded structure is the 
presence of undereut at the junction of the weld metal with the parent metal. No matter how 
skilful and careful the operator may be a very large degree of undercutting .is present even 
when using the best quality electrodes. I remember receiving a contract to build up a large 
number of railway wagon and carriage axles with weld metal, as the presence of undereut was 
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sufficient to condemn the axles. Only our most highly skilled operators were put on the job 
with instructions to exercise the greatest of care and only the best quality heavy coated 
electrodes were used, yet after machining the excess weld metal preparatory to polishing the 
axles, in a large number of instances a slight undereut was detected and the axles had to be 
returned to the welding shops to be reetified. 


Thus, in the ordinary rough welded joint, the tvpe which we get in the shipyard, the 
presence of undereut is not always visible to the naked eye, and that is the reason, in my 
opinion, for the failure of so many structures at juncture of the parent and weld metal, and 
as the failure of the German pocket battleship “DrurscHLAND” was, to quote a well-known 
engineering journal, “not due to failure in the welded joints themselves, but due to the 
fracturing of the shell plates right adjacent to the weld,” and as I understand the welding 
of this class of vessel was carried out using bare wire electrodes, a type of electrode which, 
as I have previously stated, my experience tends greatly towards undereut, I would be pleased 
to hear the author’s remarks on the cause of the failure in this vessel. 


In the author’s remarks on repairs, he makes reference to work in double bottom tanks. 
May I venture to say that whether the double bottom is coated with a bituminous solution 
or is merely coated with cement wash makes little difference in general effect, for the fumes 
make it very difficult for either the oxy-acetylene cutter or the welder to work in such a 
confined space. Also, in this country at least, it is a violation of the Factory Rules to employ 
welders or oxy-acetylene operators in such confined spaces. While on the subject of repairs, 
I should like to ask the author if he could give us any information on the development of 
special types of electrodes in Germany. I appreciate that perhaps the development of copper, 
bronze, cast iron, and the many other special types of electrode, hardly comes within the range 
of this paper. I think, however, information about these would be of very great interest, most 
particularly to our engineering colleagues serving abroad. During my brief sojourn abroad 
I had to taekle quite a number of jobs necessitating the use of special types of electrode. In 
one ease, after having remetalled the erosshead brasses of a large American motorship, the 
engineers in fitting them somehow or other got them jammed and succeeded in breaking off 
the lug of one of the brasses. As the vessel had to sail the same day and as there were no 
spares aboad, I decided to weld the lug on, using bronze eleetrodes, and did so suecessfully 
without impairing the white metal babbet, and the vessel was thus able to sail on schedule. 
To prevent damage to the babbet the white metal was covered with mud which was kept damp. 
Another use of bronze electrodes was to repair fractures in the blades of a large variable 
pitch propeller, and a year after the repair I had the same vessel in drydock and the welds 
were as good as when they were made. However, my experience with bronze and copper 
electrodes is that they are only of use when building up or when a non-watertight weld is 
required, as the deposit is full of small gas holes and has to be well hammered in order to get 
reasonably solid metal. 


Again, my experience with east iron was that different types of casting required different 
types of electrode, and in building. up the eylinder walls of a number of motorships a good 
machinable weld was obtained by using a good quality mild steel electrode. The pitting and 
erosion on a large cast iron propeller was suecessfully built up, using a non-machinable cast 
iron type electrode. 


In his remarks on economies the author states that the more usual system of work is some 
form of payment by result. This system, in my opinion, should very definitely not be allowed, 
for no matter how conscientious the man may be, he cannot resist the opportunity to earn a 
little more money and is thus tempted to “eover things up.” 


Tn conclusion, may I add to those of my colleagues my thanks to the author for presenting 
to us a paper so full of valuable knowledge on a subjeet so very important to shipbuilders and 
engineers of to-day. 
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G. R. Epgar (Greenock). 


It is an attraction in Mr. Shepheard’s paper to read of the solutions found elsewhere for 
problems existing also here, to learn fresh aspects and to note his account of progress made. 
So far as this last is concerned, it is not altogether clear how far the welding indicated in 
Table I has received general adoption in Germany, and perhaps he would give some idea of 
what items are now welded, say in about 50 per cent of the cases of their oecurence in new 
ships. A list of the type of Table I could doubtless be compiled—though perhaps not quite to 
the same extent—for most countries, but it is difficult to appreciate to what extent these are 
isolated examples, or represent the general ease. Are there any items, for example, where welding 
has entirely replaced the former method? 

Also, on page 3, in the first line, is the welding referred to done by bare electrodes or with 
those giving greater ductility. 

With regard to the “interlocking” designs and to the types shown in Fig. 2(a), (b) and 
(c) where fillet welds are made opposite to one another on both sides of a comparatively thin 
plate, is there not danger of the material of the continuous plate being damaged as a result 
of this welding. The junction of the weld with the plate is in many eases the weakest part 
of the joint and if double fillets are made opposite one another on both sides of the plate, as 
must be at the ends of the connection, it seems there is every chance of a weakness developing, 
particularly under push and pull stresses as at the top of the tank side bracket. I shall be glad 
to know if the author has had experience of results of service on this point. 


The non-requirement of cofferdams (given on page 4) of the Germanischer Lloyd is 
interesting, but its soundness depends entirely on the soundness of the welding of the end 
bulkheads. This, in its turn, rests greatly on the method of welding adopted, and this feature 
should, I think, have more consideration devoted to it than is often the case—certainly in this 
country. In many cases, the method of welding adopted may vitiate the whole of the 
precautions for ensuring soundness. 


I shall be glad if the author will state—with reference to the fatigue values given in Fig. 7 
—for what type of stress these values are given. 


The subject of internal stress is referred to throughout the paper and particularly in the 
lower part of page 11. I find a certain amount of difficulty in appreciating why this should 
be serious in a butt between two already. riveted plates, and apparently innocuous in a fillet 
weld. I recognise, of course, that fracture occurred as stated, but if in a fillet weld the parts 
welded are in the intimate contact mentioned in the Rules—though this is by no means always 
maintained—there appears to be little chance of the stress being relieved. In the case of the 
butt referred to, the plates cannot come together because they are fixed by riveting, while in 
the case of the fillet weld they cannot come together because they are already in contaet and 
hard up to one another. How then should there be less residual stress set up in the weld in 
the case of the fillet than in the butt? I am quite aware that fracture does oceur in similar 
cases to that instanced, but there are probably very many more cases where it has not, while as 
regards fillet welding, so far as I know it seareely ever occurs. The matter of locked up 
stresses seems then to resolve itself into a question of degree, and it is, I think, far from clear 
that they will occur to an undesirable degree if ordinary proper precautions are taken. It is 
to be noted that in the case instanced the deposit was made in one run, a method, so far as my 
experience goes, studiously avoided by electrode makers when preparing tests for acceptance of 
their electrodes. Is it too much to expect that steps might be taken to see the conditions of 
welding observed that were found necessary to obtain acceptance of the electrode? 

Inerease in preconstruction appears to be the more expedient way of developing the use of 
electric welding rather than by adoption of entirely welded vessels, but there are cases where 
reproduction of the existing riveted design is inefficient and advantage can be taken of welding 
to improve this. The question will then arise, how far certain features at present fitted are 
structurally necessary. 
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In conclusion, I should like to thank Mr. Shepheard for his paper, which has been found of 
particular interest. 


A. G. Axestrer (Neweastle-on-Tyne). 


Mr. Shepheard has well served the Staff Association by lifting the veil to disclose the 
practice in regard to electric welding in German shipyards to-day. We, in this country, 
occasionally listen to lectures from foreien engineering authorities who, while criticising the 
welding work done by ourselves, are somewhat reticent in giving exact information as to 
what they are themselves doing. To some extent, however, this point of view is qualified by 
the number of excellent papers, detailing experimental work undertaken among others by 
Germans, which are published from time to time. 


From a perusal of the paper under discussion it would appear that in Germany the 
practice of welding the butts of shell plating, i.e., of course in ships that are not all welded, is 
more common than in this country, but that the reverse is true in merehant ships in regard 
to the longitudinal seams of decks and tank tops. Also, we would appear to be a little in advance 
in the use of large gauge electrodes. 


I am prepared to see greater use being made of the welded shell butt in our own country 
in conjunction with the riveted seam, especially in joints which would otherwise have three or 
more rows of rivets. 


It is interesting to notice the trend in Germany towards the use of the covered electrode 
as against the bare wire and the greater desire for a deposited metal having a high duetility. 
The eored electrode would seem to be a useful type of rod and may well prove to be the 
intermediate type leading ultimately to the use of the fully coated electrode. 


The tendeney in Great Britain at the moment is, 1 think, to eliminate some of the more 
specialised electrodes and to go in for those suitable for use in all positions and for mild and 
high tensile steel alike. 


As the paper is largely one of fact, items can only be taken for comparison rather than 
criticism, and in this connection I would say, referring to the bottom of page 3, that the bulb 
plate stiffener is little used in this country, at least on the Tyne. This seems rather strange 
seeing that the bulb angle is in so frequent use as a riveted stiffener. The high movement of 
inertia valve of the bulb plate is certainly in its favour, though from the I/Y point of view 
it requires greater depth than the AL section. 


It is interesting to note that under the Germanischer Lloyd Rules cofferdams at the ends 
of oil cargo spaces are not required, provided the bulkheads and their boundary connections are 
entirely welded. May I ask whether this also applies in double bottoms where a welded tank 
division separates, say, an oil fuel compartment from one containing fresh water? These ideas 


have been mooted in this country, but as far as I know they have not been put forward. 


Page 10.—The double V or X form of weld has not been used much locally even with thick 
plating, though it is agreed there is a saving of weld material. 


Plate 6 shows a shell butt intermediate between the frames. Have butts been tried on the 
riveted frames themselves? There is just room for this, though personally I think the butt 
is better a little away. I also am a firm believer in the value of a back run, and for that 
matter also in continuous fillets where practicable. 


Page 15.—I have known welders prepare test pieces quite satisfactorily for the approval 
of a new electrode after merely laying down one or two, but they have been experienced men. 
It is the custom locally to give individual welders full particulars of the work they are required 
to do, as, e.g., number of runs, size and make of electrode, length of deposit, amperage and so 
forth. Supervisers generally examine and stamp each run of welding. 
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With regard to cracking of welds I should be glad to know whether the author has had 
experience of welding failing in cold weather. In a case recently a butt weld appeared all 
right until a back run was being put on underneath some few days later, when the weld split 
right across. It may have been a combination of weather and locked up stress. 


R. S. Jounson (Hamburg). 

Early in the history of electric are welding, Lloyd’s Register regarded ductility as an 
essential quality for deposited weld material applied to important parts of a ship’s structure, 
and further, that this quality was best obtained when fluxed electrodes were used. On the 
contrary, particularly in America and Germany, persistent use has been made of bare wire 
rods with resulting low ductility deposit. It is therefore of special interest to note the author’s 
remarks regarding this feature of welding in Germany. In his opening paragraph of Section 2 
of the paper he states that the use of bare rods is still extensive, but it may be said that this 
remark is already less correct to-day than it was when the paper was written, as quite recently 
the use of fluxed electrodes has been further extended. 


The references to the cored type rod are of special interest. This rod was designed to give 
the ease of manipulation of the uncoated rod combined with the qualities obtained from flux 
addition to the deposited metal. It is an expensive rod, but the results obtained are good and 
there is much to be said for any electrode which leaves, as does this, a very light unbroken 
slag over the deposited material and not a heavy adhering type which requires to be chipped off. 


The use of single operator portable machines is prevalent in Germany, and these are 
advantageous from a flexibility point of view, but inspection and maintenance are difficult and 
numerous earths are required, whilst capital cost is also high. The system used should be 
adapted to the yard lay-out and in some cases the multi-operator arrangement is better, or 
again, a combination of these two systems might be arranged where groups of welders ean be 
served by a single unit. The question of cable losses in this regard is referred to, but on this 
point electrical efficiency is subordinate to the welding results. It is more economical to waste 
electrical energy than the operator’s time, which latter can be uselessly expended under unsteady 
are conditions and where unsuitable means of current regulation are found. 


Where extensive welding programmes are in operation in a large yard, progressive super- 
vision of the work and system is an important factor, and perhaps the author would describe, 
in his reply, the general system of control of welders and their machines as organised in 
German yards. 


It is somewhat difficult to say to what extent fatigue tests are of value in application to 
ship design, but the results indicated in Fig. 7 are interesting and show that where welded joints 
are prepared as in sketch C, before welding, a weld of increased efficiency and certainly better 
appearance results. Whether this is necessary and worth the extra cost in ship work remains to 
be seen. In any ease the steel works can assist development by rolling sections of forms 
specially suitable for welding and doubtless when such are available the welded ship structure 
will be much simplified from that now found, which is largely built up by merely adapting the 
material rolled as required for riveted work. The sketches in Fig. 2 showing various types of 
margins generally follow riveted design and are consequently complicated. Tank side brackets 
and gussets will probably disappear and the welded ship have tank tops connected to the shell 
with continuous frames as standard, practice being both more useful and economical. The 
interlocking method of welded construction is ideal for welded connections and the whole double 
bottom so constructed should make a sound structure. In sketch C, Fig. 2, the connection of 
the gusset plate to the flange of the tank side bracket is definitely a weak spot and should be 
strapped. In plate 3 it is noted that the corrugations of the transverse bulkhead are not 
continued to the shell, a good normal wing plate being arranged presumably to assist against 
possible concertina effect. 
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Undereutting is shown in the paper to adversely effect fatigue test results, which is not 
surprising. It is a fault which should be strictly avoided, and time may show that if not 
corrected in the ease of welded shell bottom butts, for instance, particularly in tankers, the 
same result will follow as has in some cases where the caulking has bitten into the shell 
plate adjacent to a riveted butt. It is quite possible that undercutting in welding may be also 
a cause of abnormal local corrosion. The cause of this fault is often due to the welder using 
too slow a motion or to excess current. 


The extensive ground work done in welded construction in Germany is excellent practice 
to secure good work and is made possible by the fact that nearly all yards have overhead 
erane systems which ean deal with lifts much above the normal. Yards so equipped will 
certainly hold the field for the future welded ship. Not only is the ground adjacent to the 
berth used for completion of large seetions of the structure, but in some cases after the bottom 
strueture is completed whole bulkheads are put together lying flat on skids over the bottom 
in advance of their correet position, up-ending being all that is afterwards necessary to position 
them in the ship. 


The all-welded double plate rudder described in the paper is now common practice. In 
some yards one side of the rudder is first completed laid flat, while in others it is considered 
necessary to weld side and side, working down from the top, the rudder standing vertically 
during the work, it being contended that the former method is liable to produce distortion in 
the main piece. I have seen both methods successfully used, but I should be glad to learn 
whether the trouble referred to has been experienced in welding these rudders. 

It is also my experience that bad welding often fails shortly after completion, as is noticed 
on page 15 of the paper, but it does not always follow that where welding holds it is good, and 
this is one of the Surveyors’ chief difficulties. 


Testing of welding work for some machinery parts and vessels is sometimes carried out 
using X-ray apparatus, but this, as at present conceived, is outside the practical sphere of the 
ship Surveyor. It may be that some simple portable instrument will be devised for testing 
magnetically, as it has been found that the induction of a magnetie field round weld metal 
shows varying intensity where defects are present. The degree of sensitivity would be 
important, 

In conelusion, I should like to express my appreciation to the author for his excellent 
paper, which has for me a special value in view of the short time I have been in Germany. 


S. TowNSHEND (Gothenburg). 
The author has given us a very complete resumé of electric welding in German 
shipbuilding, and the information he has collected will be of great assistance to those in other 
countries who have to deal with this relatively new method of construction. 


If a shipyard is proposing to embark upon an extensive use of electrie welding, I think 
it advisable that a qualified welding engineer be placed on the staff. Where this has been done 
a marked improvement in the quality of the workmanship has very soon become apparent. A 
qualified man understands the difficulties of operation and is able to arrange ways and means 
to overcome them and to modify lay-out and design in order to secure good workmanship 
better than an ordinary Naval Architect. The latter can find it diffieult to rid himself of his 
riveting mentality, but he will be able to exercise a wise check on the enthusiasm of the former. 


It is very desirable that the workmen should be trained first to use only one high quality 
type of electrode rather than to attempt to use different types or grades of electrodes for the 
different parts of the ship. The practice here generally is to use one type of electrode which 
is suitable for structures of primary importance and to apply it to most of the work in the 
vessel. 
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One advantage of using a high quality covered electrode is that the welded material will 
naturally lie smooth and flat in a horizontal butt weld and slightly concave when deposited as 
a fillet. It is, therefore, not necessary to chip the former clean for the sake of appearance and 
it makes joints, both in butt welds and in fillet welds, better able to withstand fatigue stress. 


The author, at the bottom of page 10 and the top of page 11, describes a procedure for 
allowing for the contraction which takes place in a welded butt, but it is not quite clear from 
his remarks whether the gap at the base of the vee is actually increased or whether the distance 
between the bottom of the vee and the first rivet hole in the seam is increased. A wide gap 
would aggravate the ill which it sets out to eure. Cases where correct allowances have not 
been made for this contraction have produced extraordinary results, and in order to avoid 
unnecessary expense it is most desirable that this matter should be carefully and fully 
considered at a very early stage. I think the figure of 2mm. quoted by the author is rather on 
the high side. 


One of the greatest troubles arises from distortion, and the author rightly lays stress upon 
the necessity for restricting, as far as possible, the amount of heat which is put into the work. 
This can be accomplished in various ways, such as by close fitting of the work, small vees and 
the use of smaller electrodes. An angle of vee of less than 60° has been adopted here with very 
satisfactory results, provided care be taken regarding the size of electrode used in making the 
first run. It is probable that still smaller vees and eleetrodes could be used, but experiments 
on these lines will scarcely be pursued with much enthusiasm by electrode manufacturers. 


Attempts to restrict or eliminate deformations should, however, not be carried too far. As 
pointed out by Dr. Montgomerie in his memorandum, it should be remembered that, as a set- 
off to their unsightliness they really reduce the locked up stresses in the material, and it is 
therefore wiser to accept small unevenesses as evidence of the relief of stress rather than to try 
to eliminate them and cause considerable stresses to be locked up in the structure. 


A close fit of the work means, naturally, a reduction in the amount of weld material and a 
consequent reduction in the tendeney to distortion. Therefore the Rule requirements in regard 
to surfaces having a close fit should be adhered to wherever possible. Apart from the question 
of heat restriction, it does not seem that the close fit is absolutely necessary in all cases, 
especially where the welding is usually taking the pressure as, for example, in tanks with the 
stiffeners on the inside. There are very many parts with inaccessible crevices in the riveted ship 
which are analogous to a welded construction without a close fit. 


I should like to endorse the author’s remarks that the closing run on the reverse side of 
the vee weld should be insisted upon in all connections of primary importance and at all water 
and oil tight surfaces. But provided satisfactory penetration has been obtained, I think this 
is not necessary at lower non-strength decks and at ordinary watertight bulkheads not forming 
the boundaries of tanks. 


The practice adopted here for welding the ends of butts which are covered by the seams of 
the adjoining plates is as indicated in Fig. 13, sketch A. The strange appearance of the joint 
ean easily be rectified. Experiments carried out with copper strips, however, gave very 
unsatisfactory results and the use of same was not proceeded with. 


The T-bar type of stiffener referred to by the author at the bottom of page 3, has also been 
adopted for the bottom longitudinals in large tankers. The T-bars are cut at the mill from 
large rolled joints. A 6in. diameter semi-circular hole is punched out of the edge of the 
vertical flange with 6 in. intervals between, thus forming a kind of ‘“‘eastellated” frame with a 
6 in. leg for connecting to the shell. This is continuously welded all round so that there are 
no erevices in which dirt can accumulate. 
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The author refers to vertically corrugated bulkheads at the top of page 4, and to the 
disadvantage that in such eases the plating thickness must be the same from the top to the 
bottom of the bulkhead. Beyond the disadvantage of cleaning, is there any objection to the 
corrugations being disposed horizontally and to each corrugation or stiffener being made of 
a suitable size corresponding to its vertical position below the top of the bulkhead? As 
regards the relative efficiency of riveted and welded stiffening, measurements taken here on a 
welded bulkhead at one end of a tank and a riveted bulkhead at the other, showed that the 
deflections in the former were about half those in the latter. This seems to suggest that some 
concession could be made in stiffening without loss of efficieney. 

Curved plate stems are quite the vogue in Seandinavian countries but, up to the present, 
this type of construction has not been adopted at the lower part of the stem when the vessel is 
intended to navigate in ice, nor would it appear advisable to do so in such a ease. 

I presume that the detail of boss construction given by the author in Fig. 5 is for a small 
vessel of the tug type. 

The author, at the top of page 14, refers to the removal of damaged shell plating in way 
of welded double bottom structure by burning through the floors, intercostals, ete., above the 
fillet welds to the shell. I presume the burnt edges are chipped up to form a vee-butt weld 
when the damaged plating is replaced, but how is the latter faired with all the shallow strips 
of floors and intereostals adhering to it? Or if the shell plating is renewed, how are the 
shortened floors and intercostals connected to it? 


I thank the author for a most interesting and helpful paper. 


P. A. Kriirzretpr (Hamburg). 


The author deserves the thanks of all those who are concerned with eleetrie welding in 
shipbuilding for his comprehensive paper on the subject of eleetrie welding in German 
shipbuilding. From the point of view of a Surveyor the chapter 6, “Inspection,” is of special 
interest. 

The author admits that a very close and accurate inspection is necessary to ensure good 
quality of workmanship. Contrary to the case of riveted joints—which allow for a very 
minute inspection of each individual rivet hole as well as of the finished rivets—such a control 
is not possible with welded joints. This is a reason for the aversion which Marine Superintendents 
have in many eases to the application of electrie welding in the construction of ships. This 
aversion may be sometimes justified by the fact that welders are forced to a certain speed of 
work in depositing the material as a consequence of the piece-work for which they have 
contracted. Attempts should therefore be made to develop a simple and reliable method of 
control and inspeetion of the finished welds. What ean the author tell us about such methods? 
Whilst in the case of electrically welded pressure vessels in the case of Class 1, the Society’s 
Rules require X-raying of each individual seam, no special control is required to be carried 
out in shipbuilding. 

In a yard which I know, holes of, say, 20 mm. diameter are drilled in the finished seams at 
distances of about one metre, and from the appearance of the holes conclusions are drawn as to 
the quality of the workmanship. These holes, after completion of the inspection with satisfactory 
results, are closed up again with welding. This very rough method is no doubt not a good 
practice, as the filling up of the holes involves additional stresses and has soon been abolished. 

X-raying is very expensive, and its application in shipbuilding is restricted to only some 
few cases where it is practicable. 

The Magnaflux method of investigation of materials, which can be used with some advantage 
also for welded seams, is developed to some extent also in Germany and very handy apparatus 
is on the market, but its application in ship work is doubtful and may be suitable only under 


12 
special conditions and for experimental work. The Magnaflux system is deseribed in 
“Mechanical Engineering,” Vol. 59 (1937), No. 3, by J. W. Yant, T. C. Rathbone and R. F. 
Cavanagh. In eonelusion, I wish to draw the author’s attention to the necessity of the 
development of any method which will ensure a definite judgment on the state of a welded 
joint in a simple, easy and not too expensive way. 


A. Hourz (Bremen). 


Mr. Shepheard deserves our thanks for his very helpful and instruetive paper dealing 
with the methods of welding in German shipbuilding. The author has shown that the time he 
has been in Germany is a period well spent, as a large amount of information is given and many 
interesting points for discussion were raised, but I shall confine myself to touching on a few 
items only. 

It is said that butt welds are undoubtedly the better on theoretic and economie grounds and 
that overlapped welds have always been avoided as far as possible. This is the ease indeed, 
but it should be remembered that the overlap butt will probably find considerable favour for 
constructional reason. The advantage lies in the erection margin whieh it provides, and the 
corresponding disadvantage of the butt type of weld is the difficulty of keeping the gap, which 
tends to sheer out during the process of welding through distortion. Therefore all “downhand” 
weldings here in the Weser district are plain butt made, while, on the other hand, nearly all 
bulkhead plate connections, to be made after erection on board, are overlapped welded. (See 
plate 9 of the author’s paper.) 

The fatigue strength comparison as shown on Fig. 6 of the paper illustrates in a 
reasonable manner that vee butt welds should always have a back run for important 
connections, as shown by “C,” which properly penetrate into the root. The author states 
further, on page 10, that a back run should be insisted upon for all vee-welds, not only at 
primary connections, but also at all water and oiltight surfaces. Anyhow, as the weld “B” still 
gives satisfactory fatigue values in comparison with such of the welds “A” and “D” in Fig. 6 of 
the author’s paper, I would like to ask whether the overhead work to carry out this back run 
should be made generally at all ordinary inner bottom plating seams and butts, peak and 
deep tank flats or similar watertight connections, even if the gap root and welding on 
examination has been found satisfactory? 

The author raised further on page 10 of his paper the interesting question as to whether 
the use of ordinary electrode may be permitted for Section 9 connections for the light root 
run only. This question merits indeed further consideration and researches. There is no doubt 
that the mentioned difficulties experienced at the root run with nearly all the usual Section 9 
electrodes ean be satisfactorily overcome only when the work is carried out by welders having a 
considerable experience especially for this welding and being duly trained and quite familiar 
with the electrode in question. Otherwise the high ductility results are not guaranteed, or may 
be sometimes under the most favourable conditions obtained by sacrificing other desirable 
properties of value in carrying out the work. Many factors are to be taken into account which 
affect the value of the welding in everyday work, viz.: that our welders are familiar with 
bare rods, our direct current conditions, that our high duetility electrodes are more sensitive 
to a draught of air, difficulties due to are-blow, that for the root run they tend to slag or to 
gas inclusions and metallurgical deficiencies, and moreover, as stated by the author, that the 
edges of the vee tend to burn away due to the comparatively greater heat and finally giving an 
irregular run with slag traps which are not easily to be cleaned out. This opinion was also 
confirmed by Mr. Malisius (18). For comparison, different check tests have been made here in 
my presence, results of which, although not quite uniform, suggest that there is no apparent 
objection to the application of an ordinary electrode for the root run of a primary structural 
connection, provided this is only a light closing run, but all subsequent runs as well as a back 
closing run being made with Section 9 electrodes at any rate. 
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The author has given the development in Germany of all the different types of electrodes 
from bare rods, dipped, light coated to medium, heavy coated and cored electrodes in a quite 
clear and correct description with all difficulties and troubles fully appreciated in a right 
manner, I would add only that bare rods, dipped, light coated and cored electrodes need for 
their successful use direct current on the negative pole, while on the other hand alternating 
current has some important advantages for the use of heavy coated and similar electrodes. In 
connection herewith it may be added that in the Weser district the medium and heavy coated 
electrode is being more and more replaced by the recently approved Section 9 cored electrode, 
which, having characteristics similar to such of bare rods in respect of its use, fulfils the ductility 
requirements and does not fume so much as the former, 

In the third paragraph, on page 11, the author states that butts should be welded 
continuously from side to side, or better, with two welders working at the same time from the 
centre to each side. The method adopted here is the following : 

(a) For downhand worked plating seams of short limited length (plain butt welds). 
Continuously from side to side, both runs at same time without any interruption; the 
plates are left loose, but being kept in position by clamps consisting of 3 in. serew bolts 
and short flat bar pieces spaced about 50 em. apart in the gap. The gap is wedge-like 
arranged, about 2mm. wide at the starting edge and 2mm. plus cont ‘action allowance 
at the opposite end of the root. 

(b) For long vee-seams of any length the “Pilgrim’s pace” was recently employed, 
starting with two welders at same time in the centre of the seam and working in short 
steps of about 70mm. length back, always in direction to the centre, with two runs at 
same time alternately made; the second run always covers with its half length the end of 
the first run. The gap is, in this ease, arranged parallel 2mm. wide. The plating is 
kept in position as mentioned above under (a) and left slack. 

Both types of welding have been employed for transverse and longitudinal bulkhead plate 
connections for tankers, and naturally a back run always has been made continuously from one 
side to the other. For this back run, to be made downhand on skids, heavy coated electrodes 
are usually favoured, which, due to the greater heat and penetration, rectify more an angular 
distortion caused by the vee-butt welding. 


A. W. Jackson (Liverpool). 


Mr. Shepheard is to be congratulated on making a contribution to the transactions of the 
Staff Association, both very informative and intensely interesting. 

Referring to Fig. 4, it was somewhat surprising to find that the boss was forged. I should 
have thought it could have been burnt out of a slab by means of the oxy-coal gas plant, unless, 
of course, the builders wanted the grain of the metal round the boss to be circumferential. 


Although owners are in favour of raked stems formed of curved plates extending above the 
bar stem, I have not come across a case in merchant practice where the plates are carried right 
down to the keel as is done in present warship practice. 

On page 7 it would appear, from the author’s remarks, that a number of different grades 
of electrodes are in use. This of necessity must make it very diffieult both for the Surveyor 
and for the welder. From my own experience in the welding school in 1932 we were given 
higher quality electrodes to use as a treat, those usually in use being either bare wire or else 
those “dipped” at the school and left to dry in racks before use. Consequently, it was difficult 
to obtain and retain the requisite touch for each type of electrode. 

In the yard to whieh I am attached, Admiralty and merchant work are carried out. In 
the case of the former type of work “D” quality steel is used with a tensile strength of from 
37-43 tons per sq. in., and the same welders are drafted from Admiralty work to merchant 
work, but only the highest quality of electrodes are used in each ease. 
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Referring to vertical welds on page 8, it is the practice here to weld down if one run only is 
required, but if two or more runs are required, all welding is up except the last run which 
is down. 

In the recent paper I gave before the Staff Association, a description was given of an 
automatic welding machine in use here. This has its limitations, and is not used to capacity. 
One reason being that on account of the design of the machine it cannot get at the start and 
end of a run unless some extensions are made to the plates to be welded to carry the machine 
over the welding limits. 

Under the heading of “Current Supply” I should be glad if the author would tell us 
what supervision scheme exists amongst the welders. With regard to shocks and the prevention 
of live electrode holder ends coming in contaet with the steelwork and pitting it badly, the 
holders in use are insulated and fit in an insulated socket which prevents shocks and allows 
the cable to be laid on the deck without shorting. 

On page 9, under the heading of “Practice,” it is usual here to weld bulkheads, ete., in 
the open air, sheltered beneath portable structures formed of light roof trusses with corrugated 
iron covering, portable lights being laid on as necessary. These coverings supplement the space 
provided in the welding shed. 

I am rather sorry that plates 8 and 9 are not larger, as it is impossible to obtain any clear 
idea of what they represent. Was the plating in way of the butts set slightly so that after 
welding the contraction across the weld made the junction flat? Also regarding the welding of 
the shell plating in the all-welded tug on page 10, was the plating between the frames bowed 
outboard to prevent a knuckle when the frames were welded, and also the coneaveness when 
the seams were similarly dealt with? 

In a case that came under observation the plating was wedged out 2 in. on a 48 in. frame 
space. To prevent the stem lifting in a large vessel, the fore end of which was all welded, the 
welding was commenced at the neutral axis on both sides of the vessel at the same time and 
went on simultaneously above and below until the structure was completed without any twist or 
lift. The only trouble experienced was that the decks were buckled due to contraction fore and 
aft. As the butts were the full width of the vessel, these were released, chipped and re-welded. 

I am in agreement with the author regarding the closing run from the reverse side of all 
vee welds, but builders would prefer, say in the case of deck plating to side plating between 
frames, to increase the number of runs in the vee rather than rely on the overhead back run, 
which is not too accessible. 

From experience I can bear out the author’s statement regarding the use of ordinary 
electrodes for the root run with “D” quality steel. When the special quality electrodes have 
been used to connect one part of the structure to the other, cases have occurred where they 
have pulled apart, leaving a cavity below the deposited metal which appeared to be brittle. 

At the bottom of page 10 mention is made of allowances for contraction when punching or 
drilling plates, based on experiments: would it not be cheaper and certainly more effective to 
make sure of a good job by using the top-plate of seam as a jig for drilling the underneath plate? 

It might be of interest to record that with solid floors 12 ft. long on welding the frame and 
reverse frames, the contraction on the length was }in. and on a depth of floor of 4 ft. the 
contraction was ,'s in. With floors 21 ft. 6ins. in length with angles for intercostals welded 
as well as the frame and reverse frames the contraction was } in., the contraction on the depth 
of 4 ft. remained the same. Continuous side girders in the double bottom, 36 ft. in length, 
fitted with double floor connections and top and bottom bars contracted 4°, in. 

On a sample bulkhead, 36 ft. in width and 26 ft. in depth, formed of four horizontal 
strakes of plating seam lapped, and vertical stiffeners 24 ins. apart, the contraction was 2 in. 
when each seam was welded and when the stiffeners were welded a further contraction of 4 in. 
took place. The contraction on the width was 4%, in. 
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On page 15 the author surely does not intend the foreman welder to be the arbiter as to 
where certain electrodes for parts of primary structural importanee are to be used? Should 
not the ship drawing office fix matters of this nature and issue the necessary instructions 
to the yard? 


Under the heading of “Economies” the author has given us some interesting comparisons. 
but would it be possible for him to indieate some comparison between the cost of all-welded 
with all-riveted vessels? 


In conelusion, I wish to thank the author for a most instructive and interesting paper. 


REPLY BY THE AUTHOR, 


I wish to thank the various eontributors to the discussion for their kind reception of this 
paper. 


Mr. Thomson refers to the early fatigue tests carried out by the Society. The facilities for 
such testing in this country are now extensive. and though not dealing primarily with ship- 
building, they will certainly prove of great value. The results of the large seale tests proposed 
bv the Institute of Welding on welded and riveted stiffening will be awaited with interest. 
Although exact information is not available, the saving in weight of 13 per cent for the large 
passenger liner referred to in Table T was, no doubt, largely attributable to the elimination of 
the following :—Overlapped butts, overlapped seams at decks and topside plating, connecting 
angles in the double bottom, at engine seatings and stringers, and faying flanges of bulkhead and 
deckhouse stiffeners. 


Mr. Lloyd Roberts appears to have misunderstood my remarks with regard to the coating 
of welded double bottom tanks. An Owner is, of course, entitled to conserve double bottom 
tanks with any “approved bituminous composition,” should he so wish. If, however, a Surveyor 
is of opinion that the use of such compositions may add to the expense of subsequent repairs, it 
is surely up to him to pass this opinion on to the Owner. Riveting combined with welding is 
very common at the present stage of shipbuilding development. Endeavour was made in the 
paper to deseribe how some of the dangers and difficulties resulting from this eombined 
construction have been dealt with. The wrapper plate shown at the sternframe in Plate 17 
forms part of the permanent repair, and subsequent examination of the weld connection between 
the eudgeon and sternframe behind this wrapper is therefore not necessary. 


Mr. Buchanan draws attention to the continued use of small gauge electrodes in Germany. 
Recently developed coated electrodes have provided higher welding speeds, but many of the 
existing welding machines are of insufficient capacity for large gauge rods. The remarkable 
welding speeds attained in America would seem to be out of the question for some time to 
come in Germany. The point raised by Mr. Buchanan regarding electrode coatings can be 
cleared up by explaining that the expression “dipped” is used in Germany only for very thin 
coatings, and it was this type to which reference was made in the paper as satisfying only 
paragraphs 1-6. It would be interesting to know whether in view of the difference in polarity 
usual for German and Enelish coated electrodes the composition of the coatings is markedly 
distinct. Some makers claim that their rods ean be used on either pole, but positive connection 
is most exceptional here. 


In reply to Mr. Sneddon, the butts of longitudinal strength connections as well as bulkheads 
in the “DrurscHLAND’” were welded, the shell seams being riveted. No information as to service 
experiences with this ship have been published. Mr. Sneddon suggests a number of disadvantages 
of bare wire electrodes. It must, however, be pointed out that additional material is not 


16 


necessary, the tensile strength being generally equal to that of metal deposited by better class 
electrodes. The current required is usually less, and consequently the distortion. In the 
fabrication of engine frames both coated and low ductility electrodes have been extensively 
used. Welded frames and turbine casings are annealed. There is also no objection in German 
practice to the use of low ductility rods in the construction of refrigerated chambers. While 
opportunities of observing A.C. welding are infrequent here, these have been sufficient to 
demonstrate the smoother running at corners and ends of welds. 


In reply to Mr. Rannie, welding costs are well known where practice is long established. 
There has, however, been a certain amount of following the welding fashion in some Yards 
during the last few busy years without sufficient attention to local conditions and limitations, 
and in such eases the general building costs must have been heavy. With reference to his list 
of welding incidentals, it may be pointed out that in German yards staging is dealt with by 
special squads, and not by riveters or other tradesmen themselves. Owing to the amount of 
laying-off, the loft staff is always considerable, with a saving in platers’ wages. The straightening 
of light welded structures must have proved at times pretty costly. Where some of the other 
items he mentions are much in evidence, however, there is no doubt the welding costs would be 
appalling. I eannot refrain from suggesting that the conditions he visualises of small armies 
of welders’ mates hovering around, of caulkers cutting out welds while the culprits prepare 
innumerable test pieces, and tearful tradesmen flock to the ambulance room, would be better 
appreciated by Mr. Heath Robinson than by the manager of a commercial shipyard. Saving 
of weight is particularly marked at welded bulkheads, which also provide clear tanks and 
eliminate rivét leakages. The bulkhead boundary bar in Plate 3 has been left loose for adjust- 
ment. The practice is to sub-punch the holes and later reamer out and recountersink. 


In reply to Mr. Sheffer, the bare wire electrodes used in Germany are of low carbon mild 
steel. For these electrodes particularly, clean material of uniform composition is most important. 
IT cannot agree that bare electrodes are generally liable to heavy undereutting. In fact, one of 
the principal objections to many types of coated rods in use here has been their serious undercut, 
particularly for vertical work. A Surveyor is frequently faced with the problem of deciding 
what degree of undereut is permissible. An amount which might be considered unimportant 
in ship work, would probably prove serious under pure fatigue conditions. Mr. Sheffer is 
referred to the reply to Mr. Sneddon with regard to the “DrurscHLANp.” His experiences with 
special welding jobs are interesting. The number of special electrodes available here for all 
types of engineering work and repairs is legion. These might well form the subject of a Staff 
Association Paper from a colleague experienced in such work. Burning or welding in confined 
spaces such as double bottoms is not prohibited in Germany, provided special precautions are 
taken to ensure good ventilation. Mr. Sheffer is suspicious of payment by results. This system 
has been introduced where the average output of reliable welders has been learnt by experience. 
An unusually large output results in specially close eontrol by the supervisors. Shipyard 
welders, even under this system, do not earn high wages. 


In reply to Mr. Edgar, a percentage estimate of the extent of welding in new construction 
is practically impossible. Combinations of riveting and welding are so common that it would 
also be hard to single out any items which could be considered invariably welded. The adoption 
of welding is dependent on such considerations as the labour available, and Owners’ require- 
ments for the type of ships under construction. Table I does not represent isolated cases. 
Several large ships welded to about the same extent as (1) have been built. Cargo ships having 
welded butts, bulkheads and margin connections as in (2) are numerous, representing the full 
output of some yards when not restricted by the factors mentioned above. Extensive welding 
in large tankers, which form a considerable proportion of present production, is unusual, largely 
due to Owners’ restrictions. (3) and (4) are therefore exceptional, but other tankers even 
more extensively welded are being constructed or contemplated. A number of smaller tankers 
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similar to (5) have been put in service. Welding of small eraft is wide-spread, though some 
yards specialise more than others. On the other hand an impression that riveting has been 
eenerally superseded in merchant ship building would not be justified. 


The welding referred to on the first line of page 3 has been carried out with high duetility 
electrodes where required by this Society, but in other cases generally with lower quality types. 
The fatigue values given in Fig. 7 are for direct tensile stress in the plane of the vertical 
lettered parts, for the range eiven—not for reversed bending. Care should, of course, be taken 
to avoid overheating and undercut at fillet welds made opposite to each other on both sides of 
comparatively thin plating. While service results for these joints have so far been found 
satisfactory, opportunities for examination have necessarily been limited. Mr. Edgar confirms 
that undesirable loeked-up stresses may be avoided if proper precautions are taken. The absence 
of failure of fillet compared with butt welds may perhaps be due to the stress relief provided by 
aneular distortion, although in the ease of double fillets on both sides this must be very rest ricted., 
Is it also possible that sufficient play is available between so-called “faying” surfaces to take up 
the direet contraction which is much less than for butt welds? 


In Mr. Akester’s interesting comparison of welding practice in Great Britain and Germany 
it is noted that he is prepared to see greater use at home of the welded butt in conjunction 
with riveted seams, an arrangement which has been developed so widely here. It is understood 
that eofferdams between oil fuel and fresh water double bottom tanks are required by the 
(Germanischer Lloyd, when the dividing floors are welded. The advantage of the X form of 
butt lies not only in the reduction of weld material, but also of angular distortion which may 
prove troublesome at Vee welds. Shell butt welds are always kept well clear of the riveted frames. 
Cracking has taken place in welds made in cold weather. In one yard this trouble oceurred 
where low ductility electrodes had been used, and was a factor contributing to a change over to 
higher quality electrodes. 


Although automatie welding has not vet found favour for shipyard work, a welding machine 
has recently been demonstrated here whieh differs in design from that described and illustrated 
in Mr. Jackson’s recent Staff Association paper, In the latter machine the coated electrode is 
fed from a drum and the coating has to be cut to obtain contaect—both rather unsatisfactory 
conditions. In the other machine, two electrode holders, arranged at a small angle to each 
other, take the standard cut lengths of any type of electrode, coated, cored or bare, the contact 
being made at the upper bare end. One rod is fed down mechanieally to the are and when burnt 
out the second is automatically switched in without breaking the are. The operator then reloads 
the first holder and the eycle proceeds. The machine can be set at an angle or given a swinging 
motion for weaved work. A small fan draws away the fumes through ducts fitted close to the 
are. Insulated sockets on electrode holders are unfortunately not used here. 


Tt is reeretted that Plates 8 and 9 as reproduced are not clearer, They represent fillets, 
not butt welds. The plating of the all-welded tug, Plates 14 and 15, was not wedged out before 
welding the frames or seams. The frame fillets were intermittent, as is usual here, in contrast 
to what I believe is the latest British practice. 


Plates are drilled in the shops in packets, port and starboard sides together and sometimes 
for two or more sister ships. The use of the top plate of a riveted seam as a jig for the lower 
plate in the procedure described on page 10 would therefore not be considered economical. 
Further, some seam holes at least are necessary in the lower plate for erection purposes. 

Mr. Jackson quotes valuable figures for contraction on welded members. 

Instructions as to the types of electrodes to be used should, of course, be shown on the 
working plans. In practice, owing to changes in types in use in some Yards, and absence of a 
demareation between electrodes suitable for primary and other work under Germanischer Lloyd 
classification, the Surveyor has to keep in close touch with the welding foreman to make sure that 
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mistakes are not made. All-welded merchant vessels being exceptional in Germany recent cost 
comparisons are hard to obtain. In connection with the tank lighters referred to on page 1 
built some years ago, the following information has been published :— 
The working hours required in the building of a welded and a riveted ship of the 
same size are approximately the same. 
The cost of working one ton of material is about 30 per cent greater in the welded 
than in the riveted ship. 
The cost per ton dead weight of a welded ship is, however, about 11 per cent less than 
for a riveted. 


Mr. Johnson raises the question of single versus multi-operator welding machines. The 
maintenance of single operator machines has not been found expensive. In the course of 
development, the shipyards have collected a host of these portable machines and the installation 
of large multi-operator machines means additional outlay. They have, however, been fitted in 
some welding shops. Unless the generators have a large output and are suitably designed, the 
individual welder is not assured of a steady current supply. 


Though the single operator machine holds the field here, the position appears to have been 
different in yards where a more rapid development of welding for new work has taken place. 
Modifieation in welded design involving elimination of tank side brackets and gussets will be 
watched with interest. The effeet under service conditions of rigid constraint of the frames 
at the tank top level might eall for particular consideration. Connections between gusset plate 
and flange of tank side brackets shown in Fig. 2 (C) do need special attention. Cases have 
been reported of tank side brackets fracturing from this point down to the lightening holes. 
Strapping is, however, not considered necessary, except where the work has been carelessly 
prepared with too wide a gap at the base of the Vee. 

The corrugations of the transverse bulkhead, Plate 3, are not carried out to the wings in 
order to avoid complicated shell connections, as mentioned in reply to Mr. Townshend. A flat 
limber plate is also fitted with horizontal closing shelf in way of the corrugations above. 


Distortion in the mainpiece of rudder frames has not been found troublesome after welding 
the side plates. The all-welded rudder shown in Plate 4 is built up round a mild steel tube 
fitted with bearing rings at the upper and lower ends. Machining of these bearings takes place 
after completion of the welding, so that any distortion during welding does not affect the 
finished job. 


Messrs. Townshend, Akester and Jackson draw attention to the advantage of training welders 
in the use of good types of electrodes which are then also applied to general work. This happy 
state of affairs has not yet been reached here. Lower quality electrodes have been so long in use in 
termany, that their substitution by better types is up to the present far from general. The 
advantage of smooth finish from coated electrodes, when deposited downhand, cannot be obtained 
for vertical and overhead work with many of the coated electrodes in use. 


In the butt welding procedure deseribed on pages 10 and 11, the gap at the base of the 
Vee when the joints are ready for welding is normal, the distance between the bottom of the 
Vee and the first rivet holes being increased. The use in Sweden of an angle of Vee less than 
60° is interesting. Root penetration must then call for special attention. In this connection, 
recent experience with X-ray testing in German bridge building has shown that root runs for 
heavy plating made with small. gauge rods are very liable to fracture, having insufficient 
strength to withstand the cooling contraction. The contraction of 2 mm. quoted in the paper, 
whieh Mr. Townshend considers on the high side, is for 60° butts, and is probably more than 
that measured where the angle of Vee is smaller. 

Mr. Townshend rightly draws attention to the stress relief afforded by deformation. Absolute 
fairness particularly at fillet welding of light material is unattainable. 


—— 
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The arrangement of castellated T bar bottom longitudinals obviates the uneonnected spaces 
between the intermittent welds, the close fit of which needs constant attention during building. 


An objection to horizontal bulkhead corrugations would be the connection to the shell plating. 
Close fit at the tank top and deck with the vertical arrangement is not easy, and “form” at the 
shell would be an added complication. 

The boss construction shown in Fig. 5 is for a small tanker. 

With regard to shell repairs in way of welded double bottom structure, filling strips similar 
to Fig. 14 B may be fitted between the floors, intereostals and shell, held in position by tacking 
lues and bolts. The temptation in such cases to substitute angle riveted connections is, how- 
ever, almost irresistible. 

The all-important subject of supervision and inspection has been mentioned by seve ral 
contributors to the discussion. Some of the larger yards here employ welding managers, but 
more generally the organisation is controlled by the yard manager. One charge hand responsible 
for not more than twenty welders is considered good practice, and additional checkers are 
often employed. 

Training and periodical testing of welders is in some eases thoroughly organised, and the 
veneral supervision found reliable. Experience has not, however, always been satisfactory, and 
it has been necessary, for instance, to insist on additional supervision to ensure adequate and 
systematie control, including during night shifts. Organisation may vary considerably and 
consequently the Surveyor’s confidence in its efficiency. 

In this respect the ship Surveyor works under very different conditions from his engineer 
colleague. Whereas not only every joint, but also all component material for pressure vessels 
as well as the completed job have to undergo definite tests, in shipbuilding this is clearly 
impracticable and reliance has to be placed on thorough control of welding operations. 

Though up to the present there has been developed no method for merehant ship work 
ensuring, in Mr. Kriitzfeldt’s words, “definite judgement on the state of a welded joint in a 
simple, easy and not too expensive way,” portable X-ray apparatus has recently been used for 
field work in the building of a large welded bridge at Strelasund. (Journal of V.D.I., January, 
1938.) The bridge was preconstructed in sections, but a number of important connections were 
made on the site. 

The following published results indicate the percentage of the welding overhauled as a 
result of this X-ray testing :— 


Welded in shop. On site. 
Web butts uC “5h one 14 per cent — 18 per cent 
Flange butts ... pe re isi es he 10 a 


One wonders how shipyard work would compare with these figures under similar test. 
Vaults in welds up to 86 mm. thickness were detected, but for such heavy material preliminary 
photos were generally made when the welds were about half filled. No information as to the cost 
of the X-ray testing was published. 

An improved method for magneti¢ testing has been developed using iron filings suspended 
in a special oil, so that vertical surfaces may also be examined. It is stated, however, that 
welding faults can only be deteeted by this method within 2 mm. of the surface. Though the 
drilling and subsequent filling up of holes for examination of welds is not considered advisable 
for the reasons stated by Mr. Kriitzfeldt, advantage can be taken of examination where weld 
material has been chipped or drilled in the course of shipyard work. 

Mr. Holtz provides valuable information regarding welding procedure in the Weser district. 
The use of overlaps at welded connections made on board is largely a result of the limited 
lifting arrangements available. 
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Dr. Montgomerie, in his recent paper to the North-East Coast Institution on “Shipbuilding 
Practice Abroad,” has emphasised the importance for economical welding of lifting appliances 
capable of dealing with large preconstructed parts, and in the course of time overlapped joints 
will probably be found less necessary. 

The author maintains his opinion, which Messrs. Townshend and Jackson endorse, that back 
runs should be fitted to oil-tight and water-tight butt welds. Although this may involve over- 
head work in confined spaces, little objection to this recommendation has been experienced 
from the shipyards. 

Mr. Holtz refers to the difficulty of laying down satisfactory root runs with some coated 
electrodes, and his experiments are interesting. A coated electrode has recently been approved 
in Germany which has been especially developed to give a stable are under these conditions. 

Extension in the use of the high ductility cored electrode noted by Mr. Holtz in the Weser 
district has also taken place in Hamburg. There is no doubt that the cored rod is particularly 
suitable to present German shipyard conditions. 

Change in design has been mentioned by several colleagues. Although riveted conventions 
have to some extent been broken, it will probably be agreed that we have only reached an early 
but nevertheless intensely interesting stage in the history of welded shipbuilding. 


VIBRATION IN SHIPS. 


By M. COSTANTINI. 
READ 20TH JANUARY, 1938. 


“There was an old woman who lived in a shoe, 

She had so many children, she didn’t know what to do; 
She gave them some broth without any bread, 

And whipped them all soundly and put them to bed.” 


The field covered by vibration and its allied problems is so vast and complex that any attempt to 
condense it within the compass of a short paper must be done at the expense of either clarity or accuracy 
or both; the author, faced with the same difficulties as the distracted old woman in the nursery rhyme, 
had no alternative but to “whip” his subject in a manner which will probably make purists throw up 
their hands in horror, and even though, after the whipping, each chapter is also “sent to bed” as quickly 
as possible, an attempt has at least been made to leaye in cach enough “broth” to give the reader a 
general impression of the many difficulties with which this problem is heset. 

There is no doubt that vibration of some kind existed in ships ever since machinery was installed in 
them and even before that, but the problem seems to have been brought into prominence only by the 
advent of the Diesel engine. This is probably due to the higher revolutions, at which motors are 
generally run, as compared with those of the corresponding steam engine. 

The increase in revolutions is apparently sufficient to bring the primary frequency of the disturbing 
forces into resonance with the lower critical frequencies of a number of types of merchant vessels, and the 
trouble, once developed, is further aggravated by the larger inertia forces involyed depending on the 
greater mass of the reciprocating parts. 

Now that the travelling public and those concerned with the construction and operation of ships are 
thoroughly ‘vibration conscious” the problem has suddenly become fashionable and is receiving a lot of 
deserved, and sometimes undeserved, attention. Special apparatus have been devised for the recording 
of vibration, and the analysis of the diagrams obtained have enabled the investigators to diagnose the 
causes of many troublesome and mysterious kinds of vibrations and to disentangle the various types, which 
are nearly always present in combination. 

Any periodic force or couple applied to a ship's structure will cause vibration, but the development 
of objectionable vibrations can, in the majority of cases, take place only when resonance occurs, as the 
forces acting are not usually sufficiently large to cause serious movement unless their effect. be magnified 
in this way; only in high-powered vessels the unbalanced forces due to wake variation over the propeller 
disc may become so large as to cause serious vibration quite independently of resonance. In order to 
avoid resonance the possible critical frequencies of the hull should be estimated and the revolutions of the 
main and auxiliary engines chosen in such a way that no disturbing forces of at least the first and second 
order will coincide with the figures found for the ship. 

There are several methods, empirical or mathematical, now available for estimating, with reasonable 
approximation, the frequencies of the lower modes of structural vibration. But even supposing that, for 
certain types of structural vibration, the Naval Architect is in the fortunate position of being able to 


estimate the critical frequencies of the hull, the problem is by no means solved as it is quite conceivable 
that there might be a limitation in the choice of Engine, resulting in the loss of weight of efficiency or 
both, if the revolutions are altered. On the other hand, as we shall see, a material alteration of the 
natural frequencies of the hull is a practical impossibility without a radical alteration of the whole 


structure. 

The logical solution would therefore be for the Engineers to deyote more attention to the balancing 
of their machinery and to try to keep not only the primary but at least also the secondary free forces and 
moments as small as possible. 

The principal unavoidable cause of vibration is due to wake variation over the propeller dise. 

All propellers create a disturbance caused by the irregularity in the propeller resistance. In the case 
of twin screw vessels the effect is far more pronounced owing to the marked difference of wake velocity of 
the layer of water next to the ship’s skin as compared with that of the layer crossed by the propeller blades 
in their extreme outboard position. The blade working momentarily in the wake is doing considerably 
more work than the others and gives rise to free forces which may cause considerable vibration to the hull. 

The principal causes of vibration may be therefore summarised as follows :— 

(a) Unbalanced forces of Reciprocating Machinery. 
1. Primary forces, frequency N (N = reys per minute) 
2, Secondary and higher order forces, frequency 2 N or higher mulitiples of N. 
g jueNc) g 
Firine impulses of Internal Combustion Engines, frequency n N for 2 cycle engines and 
ey : F oe P 
nN for four cycle engines of the single acting type, n being the number of cylinders per 
engine. 
(b) Propellers. 
1. Wake variation frequency m N (m = number of blades). 
2. Lack of balance or pitch variation from blade to blade, frequency N. 
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The resulting vibrations may be divided into three distinct groups according to character :— 
1. Flexural. 2. Torsional. 3. Local. : 

In the first two cases the whole hull structure as one continuous girder is subjected to the vibrational 
motion while in the third case only certain parts of it are perceptibly affected. Structural flexural 
vibration may be vertical or horizontal and, commencing with the fundamental 2 node or primary type 
may, theoretically, take place with any number of nodes from two upwards in the length of the ship. 


In ordinary merchant vessels 2 and 3 node type flexural vibration is fairly frequent, the 4 node type 
is not so often met with and higher degree types, if existing, cease to have practical importance. The lower 
modes of this type of vibration are characterised by their low frequency and, in certain cases, large 
amplitude. The motion is slow and, physiologically, not really objectionable. The expression “ gentle 
swing” rather than vibration gives perhaps a truer indication of this kind of motion. 

Torsional vibration, haying one or a greater number of nodes may take objectionable forms principally 
in light scantling vessels, ordinary merchant vessels being practically immune from pronounced forms of 
this trouble. 

Apart from structural vibrations there exists in every ship almost endless possibilities for local 
vibration. Local vibration, as the term implies, affects only isolated portions or even a single member 
of the ship’s structure. High frequency and small amplitude are the usual characteristics of this type 
of vibration. 

The cure of local vibration is in many cases a simple matter as the necessary change in the critical 
frequency of the vibrating part may be easily achieved by fitting an extra pillar or by the introduction of 
light stiffening of some kind. 

Quite recently a novel type of “cure” which may be used to neutralise almost any kind of vibration 
has been successfully demonstrated. The remedy consists in the application of a mechanical device 
which, by neutralizing the effect of the disturbing forces prevents vibration. 


PREVENTION OF VIBRATION. 


Prevention of vibration, so far as the naval architect is concerned, is merely a question of estimating 
with reasonable accuracy the natural hull frequencies for the various kinds of vibration likely to take 
place, so as to avoid synchronism with frequencies of the principal causes of vibration as detailed in the 
former chapter. The predetermination of natural periods of vibration is, unfortunately, a practical 
possibility only in so far as the simplest types of structural vibration are concerned, namely the flexural 
and torsional vibration of the 1st and 2nd degree. 


In order to keep this paper within reasonable bounds it is proposed to restrict our attention to the 
first of these two types, torsional vibration being seldom experienced in merchant vessels. The frequency 
of the lower modes of flexural vibration in ships may be predicted either by the judicious use of an 
empirical formula or by detailed mathematical calculation. 

It is obvious that an empirical formula involving the use of a variable coefficient can only be used 
with a certain amount of confidence when the results for a closely similar vessel are known. Its use, 
however, has the indisputable advantage of giving at least an approximate indication of the probable danger 
zone already in the design stage. Detailed mathematical calculations are rather lengthy operations and 
presuppose ‘the knowledge of data which are only available when the design is so far advanced as to 
render any radical modification practically impossible. 

The proper procedure should, therefore, consist in the joint employment of the two systems; the 
formula giving the means of making an approximate but rapid estimate in the early stages of the design 
when important modifications are still possible, while the detailed calculation, by narrowing down the 
dangerous critical range, offers the possibility of introducing final minor adjustments, if found 
necessary. 

The empirical formulas and the mathematical calculations for the determination of the frequency 
of flexural vibration in ships are usually derived from the ideal case of the free-free beam of uniform 
section vibrating in air, but the difference hetween the assumptions made in the theoretical case and the 
conditions ac tually obtaining on a ship at sea is, in certain respects, so great that it is impossible to obtain 
agreement between theory and practice without introducing in some form or other empirical coefficients 
or more or less scientifically determined correction factors. 

These factors are :— 

The virtual mass. 
2. The distribution of moment of inertia and mass over the length. 
3. The ratio between the nominal and the effective value of the product E x I. 
4. The influence of the shear deflection. 
5. The damping factor. 
A brief investigation will therefore be necessary to ascertain the effect of each of these factors. 


VirtuaL Mass. 


The theoretical free-free heam (see Appendix, Section 7) is supposed to be vibrating in an ideal medium 
having no density or viscosity ; a vibrating ship is partly immersed in a fluid which has both these qualities. 
Very broadly speaking the flexural vibrational motion of a ship floating in water gives rise to two distinct 
kinds of disturbances in the supporting fluid. 


The approximately vertical sides of the ship moving vertically through the water encounter a certain 
amount of frictional resistance. It has been shown experimentally and by observation on actual cases 
that, owing to the very low velocities involved, this resistance is very small, so small indeed as to be 
negligible. Dynamically the effect on the surrounding fluid is therefore also practically nil. 


The periodic up and down motion of the comparatively flat bottom, on the other hand, cannot take 
place without entraining a certain amount of fluid. During the acceleration period energy is imparted by 
the vessel to the water, while during the retardation phase, since hull and water cannot part company, the 
water returns the acquired energy to the hull. As no energy is thereby lost the effect is dynamically 
equivalent to the mass of the vibrating hull being increased by a certain amount. 
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This increase in mass is sometimes called the “ virtual mass,” and the sum of the gravitational and 
virtual mass the “total mass.” Some authors refer to the added mass of water as the “added virtual 
mass” and call the new total mass the “ virtual mass.” The first nomenclature is perhaps clearer and 
shall be adopted hereafter. 


The “virtual mass” for a number of geometric bodies vibrating in a fluid such as a sphere or @ 
cylinder of rectangular, triangular or elliptical section can be determined mathematically. 


From the investigation on this subject by Professor F. LL. Lewis and Mr. Moullin and experimental 
results, Dr. J. Lockwood Taylor has derived a simple formula whereby the virtual mass of a ship can be 
estimated. (See Transactions of the Institution of Naval Architects, 1930.) According to Dr. Taylor, 
for vertical vibration, the added volume of water is K.A. x b/2d (cubic feet/foot of length) at each 
transverse section ; A being the area, b the water line breadth and d the draught of the section, while K 
is to be taken from the following table. 


TABLE A.—Vauve or Corrricient ‘‘K” FoR VERTICAL VIBRATION. 


Length/Beam. 6 7 8 9 10 
==\2 | —| 
K, (two node) el LO be 0°724 0-764 0797 O°825 
K, (three node) ...) 0°64 = -0°633 OG82 | 0723 (0760 


TABLE B.—Vatue or Corrricient “‘K” For HoRizoONTAL VIBRATION. 


Length/Draught. 12 | 14 16 18 20 
K, (two node) | 0°93 O45 0°96 0965 O97 
K, (three node)... O89 0-905 0°92 0-93 O94 
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For horizontal vibration the volume is about (8d? amidships decreasing to 0-6d? at the ends and K 
is to be taken from Table B. 

The results of the application of this formula to a number of actual cases (also taken from the above 
paper) is given below. 


VERTICAL FLEXURAL VIBRATION. 


Vessel. Displacement. Virtual Mass. Observed Frequency. 
A | 9°300 8,400 120°2 \ 
B 4-100 8,300 148 
| | 
C 67550 8,800 100 
\ 2 node 
C 9-050 8,900 Sony 
G 12-700 9,000 | 79 | 
D 6850 | 8,800 | 92 
A 9-300 7,100 250-5 ) 
j a 3 node 
C | 8000 7.900 914) 


A and B are intermediate liners 415 ft. long, while C and D are high class cargo vessels 425 ft. 
long. 


From the perusal of this table the iniportant fact that the virtual mass is a very high percentage of 
the total will be at once apparent, also its relative constancy with variation of draft, a confirmation that 
the virtual mass depends largely on the flat of bottom, or more correctly on the waterplane area. A very 
rapid check will show that the figures given are also quantitatively correct. The case of vessel C, for 
which the frequencies corresponding to yarious displacements are given, can be used as an example. 


The frequency of vibration of an elastic system is inversely proportional to the square root of the 
mass (See Appendix, Section 2). In the case of a vibrating beam or ship this simple relation still holds, 
provided the relative longitudinal mass distribution remains unaltered. Therefore given an original total 
mass of 12,700 + 9,000 = 21,700 and a frequency of 79 a reduction of mass to 


9,050 + 8,900 
6,550 + 8,800 = 15,850 respectively should increase the frequency to 


21 7 
79 x yf tee a 
5,350 


The corresponding frequencies actually observed are slightly higher, viz., 89 and 100, The apparent 
discrepancy between the theoretical and actual frequency is, however, easily explained by the variation in 
longitndinal mass distribution depending on the reduction ‘and the elimination of the cargo, resulting in 
a considerable lightening of the ends while the mass of the central portion, where the machinery is 
situated, is reduced to a much smaller extent. Exactly the opposite should take place in the case of a 
tanker with the machinery aft and the cargo concentrated over the central portion of the vessel. 
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Mr. F. H. Todd, in a paper read before the North East Coast Institution of Engineers and Shipbuilders 
in 1931, gives particulars of measured frequencies of a number of ships, mostly tankers or rargo vessels. 
Vessel D on his list is a tanker having a displacement fully loaded of 4,877 tons, virtual mass of 
6,850 tons and frequency 105, while a sister ship, vessel K on the same list, has a light displacement of 
1,877 tons and virtual mass of 5,960 tons, and a frequency of 115. 


On the same assumption as before, the frequency of vessel K should be : 


105 x AY 11,227 __ 196 
fie eve 


while the observed frequency was only 115. 
Here again the reduction in frequency is perfectly justifiable, as in this case the bulk of the mass 
reduction has taken place amidships, while the mass at the ends has undergone very little change. 


It is therefore obvious that, were it possible to alter the mass of a ship maintaining unchanged 
its longitudinal distribution, very close agreement indeed could be obtained between the calculated and 
observed frequencies, a proof that the estimated amount of virtual mass is correct. 


A rapid estimate of the virtual mass for vertical vibration may be made by using the formula :— 
V Mio Kix eB 20d x8 
where K has the value given by Table I, 
B is the breadth in feet, 


d is the draught in feet, 
A is the displacement in tons. 


(More accurate results can be obtained by using ‘88 instead of °91 for fine ships and 94 for full 


ships.) 


THE DISTRIBUTION OF Mass AND MOMENT OF INERTIA OVER THE LENGTH. 


In a vibrating free-free beam the centre of gravity of the system must remain fixed. (See Appendix, 


Section 7.) To satisfy this condition any fining down of the ends must result in the nodes being moved 
towards the centre of the beam. 


The closing up of the free-free nodes is, in a sense, equivalent to a shortening of the vibrational 
span with a corresponding increase in stiffness and frequency. In a ship, where the virtual mass also 
enters into play, this effect is further accentuated by the very rapid decrease of the entrained mass of 
water towards the ends; the virtual mass varying not only as A, or the buoyancy, but also as B/2d. 


In a free-free beam of uniform section, the nodes, for the primary flexural vibration, are situated at 
22 L from the ends, while, in a ship, the nodes may be located between *26 L to 32 L from the ends, 
according ‘o type, resulting in an increase of frequency amounting to something between 20 and 45 per 
cent. 


The effect on frequency in passing from a beam having uniform mass distribution to a given type 
of ship, is therefore very important, but once type and fineness of form are determined, the situation is 
entirely different. In a ship a very large percentage of the “total mass” is made up by the virtual mass 
and the gravitational mass of light ship, both items having a practically fixed mass distribution. The 


joint effect of these two items is so great that any yariation in the longitudinal distribution of the 
deadweight becomes comparatively unimportant. 


In the extreme case of a fully-laden cargo ship, where the deadweight represents about 35 per cent 
of the ‘*total mass” a drastic alteration in the longitudinal deadweight distribution, such as leaying one 
or more holds empty, would theoretically have an ‘appreciable effect on the frequency, but in practice, 
wiih a cargo of average density such an arrangement would not be possible without a large reduction in 
the amount of cargo carried and, with specially heavy cargoes, an attempt of this kind would seriously 
impair the strength of the ship. 


In a passenger ship the deadweight represents such a small percentage of the ‘total mass” that an 
attempt to alter the natural frequency of the hull by any conceivable redistribution of deadweight would 
be utterly futile, a conclusion which is fully confirmed by experience. 


The effect on frequency of variation of the moment of inertia over the length is generally quite small. 


Dr. F. H. Todd in his 1933 Paper on Ship Vibration (also read before the N.E.C. Inst. of E. & 8.) 
gives the effect of various changes in the moment of inertia curye of a vessel on the calculated frequency 
for two node vertical vibration. 


. With a moment of inertia curve representing the actual distribution of stiffness over 
the or length the calculated frequency was 74°2 per minute. 


With a moment of inertia constant over the whole length and equal to the calculated 
at amidships the calculated frequency was 72°6. 


3. With the moment of inertia constant pe the whole length and equal to the mean 
moment of inertia the calculated frequency was 71:2. 


4. With the moment of inertia constant over the midship half length, being equal to the 


mean moment of inertia over this length, and then tapered uniformly to zero at each end, the 
raleulated frequency was 73. 


The greatest variation in frequency from 712 to 74*2 is about 4 per cent, whilst the simplest of all 


approximations, namely, a constant moment of inertia equal to the value amidships gives a difference of 
only 2 per cent. 


The comparatively small effect of the variation of moment of inertia is largely due to the 
predominating influence of the stiffness amidships for the two node type of vibration. For the higher 
orders of vibration, with points of maximum curvature occurring several times along the length, the 
actual distribution of longitudinal stiffness will assume proportionately increasing importance. 


¥ 
THE RaTIO BETWEEN THE NOMINAL AND THE EFFECTIVE VALUE OF THE Propuct E x JI. 


Full size experiments on ships, beginning with the classic experiment of Sir John Biles on 
H.M.S. * Wonr,” have shown that the deflections actually determined by a given bending moment are 
invariably larger than those obtained from the simple theory of bending, 


As in all strength calculations, including the mathematical determination of the frequency of 
vibration of a ship’s hull, which is also essentially a strength problem, the modulus of elasticity “ EB” and 
the moment of inertia “I” occur as a product, the determination as to which of the two factors is 
responsible for the discrepancy is largely a question of opinion, 


Since the test piece value of the modulus of elasticity cannot reasonably be expected to change simply 
because the steel is worked into a ship’s structure, the explanation must logically be found in certain 
inconsistencies in the standard strength calculation. In all beams the deflection consists of two 
components : the deflection due to bending and that due to shearing. Ina girder, such as a ship, having a 
considerable depth in relation to its length, the reflection due to shearing becomes an appreciable precentage 
of the total and by taking account of this effect a considerable amount of the apparent discrepancy is 
accounted for. 


The remainder of the difference may be attributed to the partial failure of the longitudinal members 
under compression, to take up their full share of load, to the progressive reduction of stresses towards the 
centre of the deck and bottom, to imperfection of workmanship, to differences of temperature and several 
other causes. The problem is further complicated by the presence of superstructures, expansion joints and 
deck openings giving rise to discontinuities of section and local concentration of stresses with the consequent 
undeterminable variation in the longitudinal stiffness. 


Unfortunately the present knowledge on all these points is so small that it is impossible to form an 
accurate basis for determining the exact distribution of stresses over a ship's structure and until we know 
that basis any attempt to obtain mathematically correct values for “1” are futile. The difficulty in 
estimating correctly some of the factors affecting the solution of a problem is no justification in neglecting 
the factors amenable to more accurate determination, such as the effect of wood sheathing on longitudinal 
stiffness. 


The values of the modulus of elasticity of the timbers used for sheathing decks varies roughly from 
one-twentieth to one-tenth of that for steel. Other physical properties of timber, antagonistic to those of 
the steel to which it is attached, such as the tendency of timber to shrink in hot dry weather and expand 
during cold damp periods may reduce still further the effective valve of “KE” for timber, bringing it 
perhaps to only one-twenty-fifth of the corresponding value for steel. The equivalent steel thickness of 
24 ins. of wood sheathing would be, on this assumption, roughly *10 ins. and the virtual increase in 


thickness of +10 of all sheathed decks of a passenger vessel would certainly be anything but negligible. 


When faced with the impossibility of obtaining, by pure mathematics, the exact quantitative solution 
of a problem, and this seems to be the general rule in Naval Architecture, we are compelled to adopt 
empirical coefficients or systems of calculation in order to reconcile theory with practice. The so-called 
“standard” inertia calculation, neglecting all semi continuous and intercostal members and all the section 
between openings is a typical example of an empirical calculation. 


Reliable information for checking the accuracy of the “standard” moment of inertia is very scant ; 
there is, however, a paper by J. Lockwood Taylor in the 1926 T.I.N.A. (Some Ship Strains. Observations 
With a Simple Instrument), which throws some light on this point. The observations made by 
Mr. Lockwood ‘Taylor seem to confirm that for transversely-framed merchant ships, assuming an “ 5” 
value of 13,000 tons per square inch and after correction for shear deflection, the “standard” and the 
“effective” I values are approximately equal. 


For longitudinally-framed tankers, the inclusion of about 50 per cent of the area of the longitudinals 
brings also agreement between observed and calculated deflections. The reduction in thickness of plating 
in passing from merchant to nayal vessels, increases the effect of buckling and reduces the “effective” | 
to values considerably lower than the “standard.” 
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Tell-tale defects observed on vessels, such as cracks at corners of hatchways, seem to confirm that an 
erection becomes fully effective only at a distance approximately equal to two to three times its height 
from the breaks, a fact which should be taken account of in drawing an I curye, by a corresponding 
tapering of the I value in way of an erection to that of the structure beyond its ends. 

As a frequency calculation must yield not comparative, but quantitatively, correct results, the light 
superstructures above the strength decks cannot unfortunately be ignored. Their exact contribution to 
the longitudinal stiffness of the ship is rather indefinite as the nature of the defects found in these 
superstructures conclusively proves that the theoretical stress distribution cannot be applied. 

Signs of weakness in long deckhouses are usually confined to side plating while the decks over them 
are practically immune. 

The broad conclusion to be drawn is that the present distribution of material between deck and side 
plating leaves something to be desired ; the steel decks plus wood sheathing representing an effective flange 
value which is apparently out of proportion with the effective web value offered by the light side plating 
riddled with openings. With webs unable to transmit the full theoretical strain to the structure above, 
the effective contribution of the deck material to the general stiffness of a ship can be expected to vary 
between very wide limits according to the actual scantlings and arrangements in every individual case. 


As these decks represent the top members of the structure any variation in their effective value will 
have a pronounced influence on the effective I value of the vessel and her natural frequency of vibration 
and, therefore, in the case of large passenger vessels, where the accurate prediction of critical frequencies 
is most important, the result of mathematical investigations must be regarded with a good deal 
of suspicion. A 


Tye INFLUENCE OF SHEAR DEFLECTION. 


In a great number of practical cases the deflection due to shearing is negligible in comparison with 
that caused by the bending moment; It assumes more and more importance as the depth of a girder 
increases in relation to its length, thus in calculating the deflection of a long shallow girder such as a 
frame or a beam, the neglect of the shear deflection will be perfectly legitimate, not quite so in the 
determination of the longitudinal deflection of a ship. 

In vibration problems where the wave length of secondary and higher order vibrations are only a 
fraction of the yessel’s length, thus increasing the depth/length ratio, the effect of shear deflection 
assumes a proportionately increased importance. 

Assuming that a girder carries the whole of the shearing force Q uniformly distributed over the web 
area Ay, quite a reasonable assumption in the case of a hollow box girder like a ship, the deflection due 


to shearing is given by 
3 : Q I 
= ( 
SUNY unie oy 
where N = modulus of rigidity. 
As inaship Ay may be considered constant without great error, the increase in shear compensating 
for the reduction of thickness towards the ends, the expression becomes 


= = 
N i 
Ye Q dl 
om UNIAG, 
: : Py ee M 
but J Ah ieee bending moment M .. 6:= 5, 
‘ NAy 
The frequency of vibration of a girder is a function of its stiffness, the nominal value of which is 
usually derived from the deflection due to simple bending only, while the real or effective stiffness, which 
determines the actual frequency, is a function of the total deflection caused by a given distribution of 
load, ie., the deflection due to bending plus the deflection due to shear. 


As the longitudinal strength calculation, which forms the basis of the ordinary mathematical 
determination of critical frequencies, gives the deflection due to bending only, the joint effect on 
rey of the two deflections is most conveniently determined by expressing the shear deflection in 


frequet 


4) 


terms of bending deflection with which it is closely correlated. The deflection due to simple bending for 


a beam of uniform section is given by 
I ye 
bn = ay X wir Mdldl 


and the relation between shear and bending deflection by 
bs HI ue 5 
bp = NAG ff'Madldl 


The ratio iv Madd for the particular condition of loading arising in a vibrating beam is very 
C 
simply and easily obtained from the Tables giving the characteristic values of bending moment and 
deflection of the free-free beam (See Appendix, Section 9.) 
Thus from Table VI we find that M,,,. = 181-49 2 
= 181-49 x FP 
—_ 4056 
2 
and from Table IV I M di dl = 22848 + 138-93 = 367-41 
; M4056 __ 11-06 
Pay'se Mdldl 7 367-412 iP 
Assuming N = 2 E and introducing the above value 
bg I 
8p Atel 


Vor actual ships the value of the coefficient was found to be about 30 and so our formula will take 
the final form :— 


ee 


Ban ae 7 I 
by EGE 

Where | = standard moment of inertia of section in sq. ft. x sq. ins. 

A, = effective web area in sq. ins. (depth to strength deck in inches x twice shell thickness in 
inches. For tankers, effective area of the longitudinal bulkheads should be 
included). 

1 = wave length of vibration in feet (for two noded flexural vibration ] = length of ship L; 
for three noded type 1 is about 2 L, and for the four noded type 1 may be 
taken as 4 1). 

The shelter deck cargo ship, being an intermediate type between the pure cargo and the passenger 
vessel, is perhaps the most representative type of merchant shipping, and the results of the application 
of the above formula to a vessel of this type should give results representing fair average values. 

Taking a shelter deck cargo vessel, 390 ft. x 52 ft. x 34°75 ft. having a standard I value of 
307,000 sq. ft./sq. ins. and shell plating -57 ins. thick :— 

Ay = 104 x 34°75 x 12 = 434 sq. ins. 
: : bs 307,000 
For the two node mode of vibration | = 390 and ° = 30 bao a eet 
© 134 x 3902 
therefore 5, = *139 6,. 
and the total deflection = 8) = 1°139 8p. 


For the three node type of vibration 1 = 2 x 390 = 260 and On = 1512 One 
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The effective longitudinal stiffness of the vessel will therefore be 13°), 31*2 and 55:6 per cent smaller 
for the 2, 3 and 4 node modes of vibration respectively, than that derived from the simple theory of 
bending, and as the frequency varies as V stiffness, it will be readily seen that the calculated frequencies 
will have to be diminished by :— 

JV 1°139 = 1-065 or 6° per cent for the two node vibration, 

J1:312 = 1142 or 14-2 per cent for the three node vibration, 

J 1558 = 1245 or 24°5 per cent for the four node vibration, 
a result which shows the importance of the often neglected shear deflection. 

For a rectangular free-free bar of uniform section (corresp ynding roughly to a ship having a 
prismatic coefficient =1-00) vibrating in air the ratio of natural frequencies, based on the simple theory 
of bending, is 1 : 2°76 : 5:4 and for a diamond shaped bar (corresponding to a ship having a prismatic 
coefficient="5) the corresponding values are 1 : 2°26 :3°7. 

In a ship, where the presence of the “ virtual mass”’ catises a much more rapid rate of decrease 
of “total mass” towards the ends than that due to weight alone, the effective longitudinal mass distribution 
approaches that of the diamond shaped bar and the corresponding average ratios of natural frequencies, 
uncorrected for shear, may be taken to be approximately 1 : 2°38 : 4°05. 

The effect of shear deflection reducing these values by 6-5, 14:2 and 24:5 per cent respectively, 
determines a final ratio of 1 ; 2°17 : 3°27 for ships of average fullness and proportions. For fine ships 
or deep ships the ratio will be further reduced, for fuller ships increased. 


DAMPING. 


The rate of decrease of amplitude of damped vibration is represented by the exponential function 
e—‘t. (See Appendix, Sections 3 and 9.) 


The value of the coefficient F or, for simplicity, K, can be deduced from the rate of decrease of 


amplitude of free vibration derived from records obtained on actual vessels, either during launching, 
when the sudden release of the fore poppet pressure sets up vertical vibration, or immediately after the 
sudden stoppage of the engines at sea. The following values of K for small-amplitude [two-node 
vibration have been obtained by Dr. J. Lockwood Taylor from records taken under various conditions 
(T.I.N.A. 1980). 


i 
Frequency (N) 80 99 | 148 


K “O25 082 | 066 | 
| 


and the general law correlating damping coefficient and frequency, derived from the aboye figures, may 
be expressed by K = 10-°N 1”. 
The effect of damping on frequency is represented by the relation 
/ 2 | 
oo, = A/ ow — B or is Kk 
ec 
(See Appendix, Sections 3 and 9), and since 
wo = 20N and wo, = 20N, 
(N and N, being the frequencies per second of natural and damped vibrations respectively) the same 
equation, expressed in terms of frequenciestassumes the}form 


N, = 
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Taking as an example the value of the damping coefficient corresponding to a frequency of 148 per 
minute or 2°47 per second, viz., 0°66, 


| ae For | 
r ie “O66 ‘ 
N, = A/ 2°47" — — a3 —y A ep 
da’ 
ie., N, = °999 N 
The effect of damping on frequency is, therefore, negligible. 
Its influence on amplitude of vibration is also very small, except at resonance, when the amplitude of 
vibration is inversely proportional to the damping force. (See Appendix, Section 5). 


EmpriricaL FORMULAS FOR THE DETERMINATION OF NATURAL FREQUENCIES OF VIBRATION. 


The natural frequency of primary flexural vibration of a steel free-free beam of uniform section is 


given by 
N = 137.000 / a 
WLs 


where | = moment of inertia of section (ft.® ins.’). 
W = weight of beam (tons). 
L = length of beam (feet). 
(See Appendix, Section 8). 


A ship differs from this ideal case in the following respects :— 
1. The effect of the entrained water. 
2. The distribution of mass and moment of inertia along the length. 
3. The influence of shear deflection. 
!. The ratio between the nominal and effective value of I. 


About 40 years ago Schlick lumped all these factors, together with the absolute constant in the 
above expression, to form the single coefficient of his well known empirical formula for vertical flexural 


vibration of the two-node type for ships 
: I 
Shea, 
J wie 


where C is a coefficient depending on type, being 148,000 for liners and 128,000 for cargo ships. 
I is the moment of inertia of midship section (ft.? ins.*). 
W is the displacement of ship (tons), and 
L is the length of ship (feet). 


This formula has the indisputable advantage of simplicity, but unfortunately, for obvious reasons, 
can only be applied with a certain degree of confidence to similar ships at corresponding draughts. 
More accurate results could be obtained by unburdening the unfortunate coefficient of some of its 
overload. 


This desirable improvement can be very easily achieved by using the total mass in lieu of the 
displacement ; by expressing the mass distribution in terms of known variables such as block coefficient 
and B/d and a certain discrimination in the assessment of the I value; the shear correction being fairly 
constant remaining incorporated in the coefficient. The formula will then take the form : 


N=O, / shy : 
M x L3 
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where Cy is a coefficient based on type, block coefficient, and B/d ratio (values of C, are given in Fig. “ A”). 
M is the total mass in tons. 
L is the length of vessel in feet. 


I is the standard moment of inertia of section in ft.2 ins.2 corrected for wood decks 
and including the full value of erections where these extend over the midship half 
length ; for erections extending over a portion of the midship half length only, 
the I for erections should be reduced in direct proportion to the percentage of 
half length covered. 


The ©, values given in Fig. A” are to be regarded as tentative as accurate data, on which to base 
them, are very scant; in any case the results obtained from the application of this formula should be 
more reliable than those given by the Schlick formula. 


THE MATHEMATICAL DETERMINATION OF FREQUENCY OF VIBRATION. 


The calculation of natural frequency vibration of a vessel is really only an ordinary strength 
calculation in which the vessel’s hull instead of being loaded by the difference between weight and 
buoyancy is loaded by its own inertia. Fig. “*B” and "Tables II and III show a typical ca alculation for 
the primary frequency of a large passenger vessel. The ordinary weight curve is first plotted and 


underneath it, on the same scale, the virtual mass curve is drawn. (For virtual mass calculation 
see Table I.) 


. F ; : ee AW : 
The inertia force or dynamic load at any point along the vessel’s length is given by —— x acceleration, 


5 
where W is the total weight per ft. length, ie., the sum of the ordinates of the weight curve and virtual 
mass curve (Column 1 of Table II). 
be dunia : ee dy 
In a vibrating free-free beam the acceleration at any point is given by d2=7°'y: i.e., the 
acceleration is proportional to the amplitude at that point and therefore the curve of amplitude represents 
.to some scale also the curve of acceleration. (See Appendix, Section 8.) 


At this stage one would logically ask: how are we to plot a curve of deflection if that is what we are 
expected to obtain only at the end of our laborious calculation ? ‘The only possible answer is that it cannot 
be done correctly. We can however draw a curve which we trust and hope will be similar in shape to 
the final deflection curve. The scale can be chosen arbitr arily as frequency is independent of amplitude, 
(See Appendix, Section 2.) 


The curve of amplitude adopted is that determined mathematically for a uniform free-free beam, the 
ordinates at any point being expressed as fractions of the end amplitude. (Sve Appendix, Section 9.) 


Although the longitudinal mass distribution of a ship differs a good deal from that of a uniform 
beam, the shape of the. resulting deflection curve in the two cases will be fairly similar, as to ratio M/I, 
which defines the shape of the deflection, is fairly constant also in the case of a ship, both M and I 
decreasing towards the ends. The different mass distribution of a ship will cause instead the position of 
the base line, which must pass through the centroid of the system (see Appendix, Section 7) to be moved. 
Columns 2, 3, 4 and 5 of Table II show the details of the nec essary calculation. 


Unfortunately our troubles are not finished as yet another condition has to be satisfied : the summation 
of the longitudinal moments of the Inertia forces on either side of the axis Y-Y must be equal as 
otherwise the ship would not only vibrate, but also rock about Y-Y. The newly defined base lines 
xX; —%, y —y divide the plane into four Sectors, I, I], II] and IV on Fig. B. The products x y,Ay 
are positive in Sectors I and III and negative in Sectors IL and 1V. Therefore the rotation of the base 
line x; — x, about G in clockwise direction will increase all the positive values of the products x y, Aw 
while a rotation in a counterclockwise direction will have the opposite effect. 


In the present case we find (Column 9) that Exyi; Ay=— 236 ; for equilibrium the base line x, — x! 
must therefore be rotated in a clockwise direction to increase the positive products. By how much ? 
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Assume that after rotating x,— x, through the angle a to the position x,—x,, Ixy,A, =O. 
m . 5 . * . « . ° . 
aking any point A on the amplitude curye, its ordinates being y, with respect to the axis x; — x, and 
y. With respect to the axis x, — x., we find that y, = y,— x tana 

”. EX (y,—x tana) Ay =O 
Exy, Ay — tana Ex*A, =O 

Zxy, Aw 
z AS 
Columns 10 and 11 of Table IT give the particulars of the calculation. 


.. tana = 


We have now all the necessary data for plotting x, — x.. 
The ordinates of curve y with respect to the axis x, — x, are given in column 12. 
If at a given point the amplitude is y and the total mass per ft. length = A,, the dynamic load per 


aoa eno A - ae ‘ 
ft. length at that point is given by —“ x acceleration =——“ x oy. 
ry o 
5 


If y, is the amplitude at one free end we can write : 
Dynamic load = Aw x oy.( x 
o Ye 


t=] 


and by choosing the scale of acceleration such that oy, = g we have: 


gy 
Dynamic load = A,, (*) 
Ye 


Column 13 gives the ratio y, 
Ye 

Columns 1 and 18 are rewritten in Table III and the products of the respective values at any 
station will therefore give the dynamic load at that particular station. 

From now on the usual procedure for the strength calculation is followed : successive integration of 
the dynamic load curve (mean ordinates, or planimeter) giving the shearing force and bending moment. 
Curves of I and M/I are then drawn, the values used for I in the present calculation are the standard 
values including all erections corrected for wood sheathing, 1 in. of wood being considered equivalent to 


‘OD in. of steel. 
1 /f™M 
1 
z S/ ; dal 


The deflection is then given by 
The ordinates of Column 10, which are values of 


ane “ dl dl 


are therefore proportional of the derived deflection curve. 

By assuming the ratio of amplitude at ends to amplitude amidships to be the same for the derived 
curve as for that assumed and by reducing the ordinates of Column 10 proportionately so as to give unit 
amplitudes at the after end we obtain the values given in Column 11, which are directly comparable to 
the assumed amplitude curve. These two curves are seen plotted in Fig. B, the agreement is fairly 
satisfactory, but not perfect. Results would be improved by taking the derived amplitude curve as the 
basic amplitude curve and start the calculation all over again. Assuming, however, the results so far 
obtained to be sufficiently accurate for practical purposes we can now conclude our calculation. 


The total deflection = a ot dl dl 
a 


=- — xX 3,880 = °289 ft. 
131,400 


Deflection at after end = y,=°289 x ite 209 ft. 


14 


In simple harmonic motion expressed by y =r sin wt the frequency per second 
9 


=N=" andN?=” 
» 4 2 
ag T 


We haye, however, chosen the curve of amplitude such that 


rae ae Bay 8233 
yw =F ow nize at 209 
13 32°2 r : 
oN? = —___ = 3-91 and N = 1:98 per second or 118-8 per minute. 
da? x °209 
This frequency must now be corrected for shear ; 
we have seen that ® = 30 x — : 
8; Aromas 
= 80 x .37400,000  _ .o54 
1386 x 570? 
r 1 LL8°8 y 
GEN jax = Ske, 


The actual frequency, obtained from vibrograms taken on this vessel ina slightly different condition 
of loading, was found to be 114. The displacement in that condition was 19,530 tons, while the 
corresponding virtual mass could be estimated at 19,600 tons, giving a total mass of 39,130 tons in lieu of 
the 42,000 tons forming the basis of the calculation. 


As the frequency may be taken to vary inversely as the square root of the mass N, at 19,500 tons 


displacement ‘| 
= 107 x Be 42°000 = 107 x 1035 = 111 
39130 


as against 114 actually recorded. 


The secondary and higher order frequencies can be calculated in the same way by using as the basic 
deflection curve the amplitude curve for the three node type vibration deterniined mathematically for the 
beam of uniform section or may be approximated from the primary by using an estimated ratio between 
the two frequencies. In the case just worked out, as the yessel is very fine (block coefficient *63) the ratio 
would be about 2 and the secondary natural frequency will therefore be about 111 x 2 = 222 


The procedure for calctilation of horizontal frequencies is also the same; the virtual mass must of 
course be estimated in accordance with the special formula for horizontal vibration and | is the horizontal 
moment of inertia of section at the various stations. 


RECORDING VIBRATION AND ANALYSING RECORDS. 


All records given hereunder were taken by means of a Geiger’s vibrograph. This instrument, which 
is primarily designed for recording torsional vibration, may be used also for measuring vertical and 
horizontal vibration. Flexural vibration records obtained from this instrument may be regarded as 
sufficiently accurate for practical purposes. For scientifical research work more sensitive and accurate 
instruments are used. 


VessenL A.—Plate A shows a series of records taken at ten different stations along the deck. The 
frequency of vibration is exactly two per revolution (second order), while there are three points along 
the vessel’s length, corresponding approximately to stations 3,5 and 8, which do not move (nodes), which 
characterise the ‘“‘mode” of vibration. We have therefore to deal with a “three-node,” “secondary” or 
“second degree” mode of vibration of the second order. 


The vibration in this case was caused by the second order unbalanced forces or moments of the main 
motor. By plotting to a suitable scale the recorded amplitude at each station, and joining the points 
thus obtained by a fair curve, the characteristic “amplitude” curve given in Plate B is obtained. 


1S) 


Another important source of vibration is the propeller. Record (a) Plate C shows the type of 
vibration set up by a four-bladed propeller with one damaged blade. The resulting lack of balance is 
made evident by the pronounced vibration of the first order, while, superimposed, the fourth and a trace 
of the eighth order vibration, due to wake variation, are clearly seen. Record (6) was taken after 
repairing the propeller; the first order vibrations have disappeared, only the vibrations due to wake 
variation being still evident. 


VirsseL B.—Plate D. Vertical vibration records 1 and 2 show the fourth order vibration due to 
the four-bladed propeller together with an eighth order vibration quite pronounced in this case (double 
shock of blades leaving and re-entering the water with propeller only half submerged, draft 12ft. Zins. 
The increase of revolutions from 100 to 105 causes the whole vessel to vibrate violently with frequency 
105 (Record No. 8). Resonance” has been reached between the first order unbalanced forces of the 
main motor (105) and the lower critical frequency of the hull (105). By increasing the revolutions to 
110 the vibration disappears (Record No. 4). 


Horizontal vibration. Record No. 1. Pronounced horizontal vibration of frequency 190. “Resonance” 
between second order unbalanced forces of main motor 2 x 95 = 190 and * primary ” critical frequency 
of horizontal vibration of the hull. The remaining records show only the vibrations due to the propeller. 
The amplitude is abnormally large, owing. to one blade being always out of the water. 


Having discovered the “primary” natural frequencies of vertical and horizontal flexural vibration, 
an attempt was made to determine also the frequencies of some of the higher modes. The necessary 
exciting force of higher frequency was provided by removing one piston and connecting rod from one of 
the auxiliary generators. 


Vertical vibration. Resonance was reached when the generator, started at 400 reys., had been 
slowed down to 340 revs. (Record 14, Plate E.) For horizontal vibration, resonance occurred at 
400 revs. (Records 19 and 26, Plate F.) In the chapter on Shear Correction the average ratio of 
successive natural frequencies was given as 1 : 2°17 : 3°27. 


In the present case the primary frequencies of vertical and horizontal vibrations being 105 and 190 
respectively the higher modes should have frequencies of about 105 x 2°17 = 228 for the second degree 
and 105 x 8°27 = 344 for the third degree vertical, and 190 x 2°17 = 414 for the second degree horizontal. 
The measured frequencies of 340 and 400 show a close agreement with the theoretical figures. 


VesseL C.—Plate G. Vertical Vibration. The records being taken forward there is no trace of 
. . m . . é 2 ° . 

propeller vibration. The undulations in the first three records are due to pitching. Resonance occurs 
here at 114 revs. (This is the vessel for which the mathematical frequency calculation given in the 
previous chapter was made.) It is interesting to note that a second degree vibration is superimposed to 
the primary (see fourth record). This confirms the conclusion arrived at theoretically that for ships of 
fine form the ratios of natural frequencies may be as low as 1: 2:3. Vessel @ has a block coefficient 
‘ | 
of *63. 


Horizontal vibration. The lower critical frequency is about 122 (see first and last record). 


Local vibration. Plate H gives an interesting example of “local” vibration caused in this case by 
the second order unbalanced forces of the four-cylinder auxiliary generator. The numbers on the 
sections on the left indicate the position in which the corresponding records, given on the right, were 
taken. Vibration in this case, owing to the exiguity of the disturbing forces, is transmitted as an 
imperceptible tremor from the source of disturbance, and gives only rise to appreciable vibration when 
resonance occurs with a particular portion or member of the ship. Vibration is quite evident at points 
1, 2, 3, 5, 6 and 11, while the surrounding portion of the vessel is practically steady. 


Vessen D.—Plate J. Record “B” gives a good example of the recurring type of vibration set up by 
two engines running at different speeds. As the vibration in this case is due to the second order forces 
(two vibrations per rev.) the period, during which the amplitude goes through a semi-cycle from maximum 


to minimum is precisely the time taken by one of the engines to make an extra one quarter rev. (4 cycle 
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second order force = } x 180° = 90°). Time taken to do the extra } rey. (from 1 to 2) = 13/100 
100 

5 
faster than the other. When record “A” was taken the engines were apparently running at almost 
synchronous speed. 


minute; therefore at that particular moment one engine was running = 1°93 revs. per minute 


VusseL E.—This is a turbine vessel and the vibration recorded is due entirely to wake variation 
over the propeller discs. Frequency 720 per minute (180 revs. x 4 blades). The free forces resulting 
from the unavoidable difference of loading between inboard and outboard, ascending and descending 
blades may be taken to increase roughly in proportion to the power transmitted. In large power vessels 
a certain amount of vibration in the stern would therefore seem unavoidable. 

Pillaring, which is generally regarded as one of the most effective means of reducing vibration may, 
in the case of high frequency vibration, have exactly the opposite effect. Plate K is a striking illustration 
of the point in question. Record 94, taken near the seat of disturbance, shows a negligible amount of 
vibration, while successive records indicate a progressive increase of the trouble. This is by no means an 
abnormal occurrence as records taken on other ships under similar conditions have shown precisely the 
same phenomenon. 


The explanation is quite simple: the pillars themselves and more so the attachments at their ends 
have a certain amount of elasticity, thus rendering them equivalent to a set of strong springs of gradually 
reduced stiffness, while each successive deck corresponds to an added mass; the joint effect of reduced 
stiffness and increased mass lowering the natural frequencies of each successive pillar—deck system. At 
the bottom the natural frequency of the structure is still too high to get into resonance with the 
disturbing forces but higher up resonance is gradually approached and reached (Record 121) and vibration 
enormously magnified. 


Steel bulkheads, being much more rigid than pillars, are far more effective in keeping down high 
frequency vibration (see Plate I.). The amplitude of vibration in line with a longitudinal steel bulkhead 
has remained practically unaltered from bottom (Record 198) to top (Record 168) and a similar effect 
has shown the transverse bulkhead between decks “*D” and “©” (Records 170 to 175). Above these 
bulkheads, where ordinary pillars are fitted, the amplitude of vibration is immediately increased. 


CURE OF VIBRATION. 


Two of the preceding chapters give an approximate idea as to how the natural frequency of 
structural hull vibration may be estimated. By avoiding synchronism between these frequencies and 
those of the disturbing forces (usually the first or second order unbalanced forces or moments of the 
main engines) vibration may, sometimes, be prevented. 


In many cases, unfortunately, the problem is rendered more difficult than would appear at first 
sight by the small difference in the ratio between successive frequencies of structural vibration 
(N : 2:2 N: 3:3 N) and the various orders of disturbing forces (R:2R:3R). With slow running steam 
engines, R (the number of main engine revs.) was generally smaller than N and therefore also the higher 
orders of unbalanced forces were well clear of the higher critical frequencies of the hull and, logically, 
vibration never appeared. 

The adoption of faster running Diesel machinery has reversed the situation. KR is now almost 
invariably higher than N and, if synchronism between R and N is thereby avoided, the chances are that 
the second order forces 2R will synchronise with the secondary critical frequency of hull vibration 
2-2 N; an increase in revolutions to avoid this trouble will cause resonance between the third order 
forces 3 R and tertiary natural frequency of hull vibration 3°3 N ; a further increase, if practicable, 
would probably cause the first order horizontal unbalanced forces of the engines to coincide with the 
primary critical frequency of * horizontal” structural vibration (see vessel **C,”” primary vertical natural 
frequency 114; primary horizontal natural frequency 122). When due consideration is also given to 
the fact that service speed R must vary between fairly wide limits, and that the calculated natural 
frequency N may, with luck, be correct to say within five per cent, we are forced to conclude that there 
must be cases in which even the greatest amount of forethought and ingenuity must fail to produce a 
guaranteed yibrationless ship. 
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The predetermination of “local” critical frequencies is, needless to say, a practical impossibility and 
therefore the prevention of this kind of trouble also a matter of pure chance. The diminution of 
vibration by * prevention ’’ seems, therefore, pretty hopeless. Granted that some kind of vibration must 
unavoidably be present, what are the means at our disposal for minimising its unpleasant effects ? 


1. Special attention should be given to the balancing not only of the primary, but also to 
the secondary and higher order forces and moments of all reciprocating machinery ; by keeping 
the free forces and moments as small as possible, even though synchronism should oceur, the 
resulting amplitude of vibration will be small and the ‘critical range” short, a change of two or 
three revolutions being sufficient to make vibration disappear altogether. 

2. The most accurate balancing is useless to prevent vibration unless combined with a rigid 

| engine. In an engine with flexible framing each cylinder will act on its own and set up 
vibration. Although motors have been generally improved in this respect in recent years (thanks 

also to the action taken by shipbuilders who refused to supply under the name of “seatings” 

something which, by rights, should have formed part of the engine bedplate), a few more tons of 
cast iron judiciously distributed over the engine framing would be well worth the little 
extra money. 


3. Motor car designers, who are apparently more keenly concerned to keep down vibration 
than their marine confreres, have realised long ago that the point of support of reciprocating 
machinery should be situated, to minimise vibration, at the point where the least motion due to 
internal forces takes place, i.e., at about mid-depth of the engine and that the satisfactory results 
thus obtained could be further improved by placing the engines on elastic supports. Small 
Diesel motors may cause a good deal of annoyance in a ship, and yet, up till now, only the elastic 
supports are beginning to make a timid appearance on board ship. 

4. So far as the average passenger is concerned, half the discomfort caused by vibration is 
due to rattling. Here again the motor car designer could teach something to the shipbuilder. 
The cheapest car, at least when new, is rattleproof; why some of the simple devices, so successfully 
used on cars to eliminate noises, could not be used on luxury liners, where doors. beds, glasses, &c., 
continue undisturbed their noisy protests, is a mystery which still remains to be solved. 


5. Local vibration, when confined to isolated portions of decks between pillars, can be easily 
eliminated by extra pillaring or local stiffening, or even ballasting ; when the pillars themselves 
vibrate, the cure becomes more difficult, and in many cases impossible. The fitting of complete 
‘tween deck bulkheads or the substitution of a pillar by a strong beam or girder have proved 
fairly effective. 

6. A form of local vibration, against which one is practically helpless, is that set up by the 
propellers. The free forces resulting from the difference in loading between the inboard and 
outboard blades, owing to the difference in wake distribution, may become so great in high- 
powered ships (several tons) that severe vibration unavoidably follows, irrespective of synchronism, 


Inboard turning propellers are worse in this respect than outboard turning as the effect of the 
ascending wake is added, instead of being subtracted, to the effect of the forward component of the wake. 
By moving the propellers further away from the ship’s sides, in twin-screw vessels, the wake difference 
over the propeller area may be reduced and consequently also the free forces giving raise to vibration, 
but the small advantage eventually gained must be rather dearly paid for by the resulting loss of 
propulsive efficiency. 

Careful designing and streamlining of after end and bossing, by reducing eddying and turbulence, 
will certainly prove beneficial also in respect of vibration, 

The practical difficulties encountered in the elimination of vibration haye led to the study of the 
third and last possibility of avoiding vibration, viz., the neutralization of the disturbing forces. 

An attempt of this kind was made by Dr. Frahm as far back as 1907, but apparently without much 
success. Dr. Inglis, in a Paper read before the Institution of Naval Architects in 1983. describes ¢ 
method for minimising vibration in ships based on this principle; his suggestions, however. were only 
theoretical. A practical solution of the problem is that devised by Dr. Loser of Messrs. Cantieri Riuniti 
dell Adriatico. 
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The apparatus designed by Dr. Loser (Fig. C) consists of a cast iron tank A, supported, through 
the projecting lugs E, by a series of double springs B, inserted between E and two rigid frames C and D. 
Cand D are interconnected by four strong tie rods F, which are also acting as guides for the vertical 
motion of A. Guide rollers G render the system practically frictionless. Internally, the tank A is 
subdivided into a number of intercommunicating small cells, which, through the pipes E and H can be 
filled at different levels with water, thus altering the mass of A, and hence the natural frequency of the 
system. 


Fig. D shows the apparatus mounted at the after end of vessel “A.” This vessel was subject to 
strong vertical flexural vibration, one of the points of maximum amplitude being aft. To prevent vibration 
the disturbing periodical force must be neutralized by an equivalent antagonistic force. The point of 
application of the neutralizing force need not be in the same vertical plane as the disturbing force, but 
anywhere on the ship, the neutralizing effect varying, however, according to the position ; a very improper 
but simple comparison is offered by a lever, loaded at one end, which is prevented from moying by a 
suitable antagonistic force applied to the other arm. For equilibrium the products force x length of 
arm must be equal on both sides. 

Similarly for equilibrium in the case of a vibrating system the product : disturbing force x amplitude 
of vibration at the point of application of the disturbing force must be equal to the neutralizing force 
x amplitude of vibration at the point of application of the neutralizing force. The most effective 
position for the installation of the neutralizer is, therefore, that corresponding to a peak of the 
amplitude curve; the extreme after end in our case. 


When a practically frictionless elastic system is acted upon by a periodic impulse, the phase of the 
resulting vibration is only slightly retarded with respect to that of the impulse so long as the frequency 
of the disturbing force is smaller than the natural frequency of the elastic system, when synchronism is 
reached a sudden phase change takes place, impulse and vibration becoming outphased through 
practically 180°. (See Appendix, Section 4.) 

In our case the exciting force is supplied by the vibrating ship and by adjusting the quantity of 
water in the tank “A” the natural frequency of the neutralizer can be brought to be slightly /ess than 
that of the ship, then, in accordance with the principle just enunciated, impulse (ship) and vibration 
(neutralizer) will be outphased through 180°, i.e., the tank A” will be moving upwards when the ship 
is moving downwards and vice versa. 


As friction is very small and resonance almost perfect, the neutralizer needs only a small excitation 
to vibrate very strongly (see Appendix, Section 5) and exert on the ship, through the springs, periodic 
reactions tending to oppose its motion or, to be more correct, neutralizing the forces which, if unopposed, 
would have given rise to vibration. Plate M shows graphically the effect of the neutralizer, The 
original vibrations have been reduced by about 94 per cent. The neutralizing force transmitted was 
about eight tons and the weights of the neutralizer and ship 12 and 11,700 tons respectively. The same 
apparatus may be used also for eliminating “local vibrations,” provided their frequency be reasonably 
constant. 


Plate A shows a series of vibrograms illustrating the forced vibration of the stern of a large 
passenger liner due to propeller action. Note the general tremor of the stern and the enormous 
magnification at frame 51, due to resonance (also here, as in vessel D, the worst vibration takes place at 
a line of pillars). The two neutralizers are fitted above the promenade deck in the position indicated on 
the profile. 

The effect of the neutralizers is not as complete as on vessel A, but still quite satisfactory. Their 
influence has probably been unduly localised by the elasticity of the light structure, to which they had 
to be fixed; had it been possible to install them lower down in the ship, nearer the seat of the 
disturbance and attach them to a structure sufticiently rigid to make their steadying influence felt over a 
larger area, the results, no doubt, would haye been much more gratifying. 


In conclusion, the author wishes to express his gratitude to Messrs. Cantieri Riuniti dell’Adriatico, 
and to Dr. Loser in particular, for the exclusive information so kindly and freely placed at his disposal. 
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APPENDIX. 
THEORY OF VIBRATION. 


Section 1.—SimpLE Harmonic Motion. 


A point is undergoing simple harmonic motion when its displacement takes place in a straight line. 
subject to the condition that its acceleration is directed towards a fixed origin in the line and is 
proportional to the distance of the moving point to the fixed origin. This condition is realised by the 
motion of a point, rotating uniformly in a circle, projected upon a diameter of the circle. 


j 
Fig. 1. 


If time be counted from the instant, at which point P was at B, then at any time *t” the displace- 
ment of P, from the fixed origin O = y =r sin (wt + 8) (1) 
where w = constant angular velocity (wt + 8) is called the Phase Angle and 8 the Apoch Angle. 

If T be the time taken by P to complete one revolution then wT = 2a and T= Periodic or Cyclic 
: 2 : ware ‘ rot al 30 
Time = =", and the number of cycles per unit time, or Frequency = N = T pee: 
Ww 


w 

= per second, or 
» 
-7 T 


per minute, 


The velocity of P, at time t = d 7 = wt (cos wt + 8) and its acceleration = 
at 
a? y = — wr (sin wt + 8) 
dt? : 


= -—w’y 
i.e., the acceleration is at any time directly proportional to the displacement y; the motion is therefore 
Simple Harmonic. 


20 


SECTION 2.—UNRESTRICTED VIBRATION. 


One of the simplest examples, of what may be considered practically unrestricted vibration, is that 
of a weight bobbing at the end of a weightless spring. 


Let the stretch of the spring due to the weight “W” be §, then the sfif'ness of the spring, or the 
load required to produce unit extension = Ld = K, 
wD 
but W = mg where m = mass of weight W 
and g = acceleration due to gravity. 


Therefore K = "8 (2) 
If, by applying a force F, W is displaced a further distance y, and then let go, total stretch =S + y 
and the upward force exerted upon W = K (S + y) 


— Mg ig 
=" 8 +y) 


=mg+mg y 
s 

Downward force, due to gravity, acting on W = img, therefore resultant upward force, i.e., force 

d?y force = By 

dt?) mass S$ 


available to accelerate W = —m gh and the resulting upward acceleration = 
Ms 1 


The corresponding equation of motion is 


qt §y=0 
This is an ordinary linear differential equation and, to simplify its solution, let the constant 
8 ae 
2 The equation then becomes ae +w?y =O (3) 


Kquation (3) will be satistied if we put 
y =A cos wt or y =B sin ut 


where A and B are arbitrary constants. The general solution will be obtained by adding the two 
particular solutions and will take the form : 


y =A cos wt + B sin wt (4) 
The correctness of the solution may be easily checked by double differentation : 
a = — Awsin wt + Bw cos wt and 
- = — Aw’ cos wt — Bw? sin wt 
dt? 


= —w’ (A cos wt + B sin wt) 
= —w’y which is again the original equation. 


The following sketch, which is the graphical representation of equation (3), gives a clear idea of the 
meaning of constants A and B. 


jintel, 


Krom sketch A =r sin 8 and B=r cos 8. Substituting these values in (3) we get: 
y =r sin § cos wt + r cos $ sin wt 

=r sin (wt + 8) (5) 
As (5) is identical to (1) ‘he motion of our bobbing weight is Simple Harmonic. 
Our two constants A and B have, however, other interesting properties. 
The maximum displacement on either side of the equilibrium position or Amp/i/ude 

=r= /A*? +B (6) 
while the tangent of the epoch angle 8 may be also expressed in terms of A and B; 


F A = 
tan 8 being equal to B (7) 
» 
‘ i 2 r w 
From (5) ie and N = 
w 2a 
" or . o K arg 
but w? = 2 and from (2) ® = “5 wise AY K 
‘ ‘ m Nani 
Nx l Ix l ‘ stiffness 
. N fs 5. =, (8) 
“7 m -7 mass 
and T = 27 Toaee (9) 


ANY stiffness 
Note that r, or the amplitude, does not enter into (8) or (9): beth T and N are therefore indepondent 
of Amplitude. 


Section 38.—DAMPED VIBRATION. 


The case of unrestricted vibration just described is, of course, purely ideal, as in actual practice the 
oscillations of a vibrating body are always damped by external resistances and internal molecular 
friction. Imagine now our bobbing weight to be retarded by a force which may be taken as proportional 
: fe 3 dy 
to the velocity of vibration or — f 7 3 

at 


on the opposite direction of the velocity). 


(the sign is of course negative as the resistance is always acting 


7 ‘ F y mg d . 
The force available to accelerate W is no longer — mgs, but — © y—f5} and the relation 
between this force, the mass m and the resulting acceleration is given by: 
eihs eth ga ST (10) 
gs 7 dt dt? 
dividing all terms by m and making, as before, =w", we get 
‘ 
: dy _ d?y f 
—w?y —p—2 =— where p= (11) 
ae a t? sae os 
so finally our equation of motion takes the form 
dy dy 3 , 
tp twy =O (12) 
av F dt aes 


This is again a linear differential equation and its general solution can be written in the following 
form : 


al 


2 


y=e (A cos 4 / wi t+ sin / wih t) (13 


Compare (13) with the corresponding equation for unresisted vibration 


y =A cos ot + B sin wt (14) 


2 


The angular velocity in this case is no longer w (as in 3), but J vw — _ , and therefore the 


periodic or cyclic time 'T is slightly longer, being now 'T, = 


The amplitude =e Vv A? + B? 


The avanescent term e shows that the amplitude is getting smaller as time passes. The actual 


rate of decrease depending on the magnitude of the damping factor p. 


Replacing the value of the constants A and B the equation becomes 


iv 
tab 3 / we \ 
y =e ‘" (sin ce aly fe 5 (14) 
oY de Ready gp ) 
and by starting to count the time where 8 = O, it takes the ultimate form 


—sb 


y=e r sing / w*? — Fi t (15) 


HIG. 3. 


Fig. 3 gives the graphical representation of (15). 
—Ht 
This curve is tangent to the curve re at the points m,,m., m, where t = O, t =m, t = 2m, and 
iv 
t 


9 b 


a ' ' 1 vw OT . ree q 
to the curve —re at the points m,', m,', m,’ where t =~, “". These points do not coincide with 
19 29 > > 
the points of extreme displacement of the system from the position of equilibrium, and it therefore 
follows that, due to damping, the time interval necessary for displacement of the system from a middle 
wee 5 ra . . = * 
position to the subsequent extreme position is less than that necessary to return from an extreme position 

from an extreme position to the subsequent middle position. 


Suppose that when our weight W has moved downward through the distance y the point of support 
P of the spring is also displaced a distance x below its old position. The spring in this case is really 
only elongated by the amount y — x, and the force available for the acceleration of W is therefore 
me 
— —° (y — x) 
g S 
: = day, g g 
and the resulting acceleration i ay +2x 
Qik , 


Substituting, as before, w? for = we get 


Oey aah etude (16) 
d t? : 


Section 4.—FoRcED VIBRATION. 


24 
We have already seen that vibrations are periodic” functions of the time, and therefore, in order 
to give rise to a vibration, x must be also a function of the time. 


Let x = asin qt 
where a= maximum displacement of P. 


The equation of motion then takes the form : 


es +w?y =w’asin qt (17) 
The complete solution in this case will be obtained if to y, (the solution for a +w? y=0), ys (a 
at 


particular solution of equation (17) ) be added 

y, = A cos wt + B sin wt (see (4) ) 
while y., being a function of a periodic impulse, will also be a periodic function which may take the 
form 

yo =C cos qt + D sin qt (18) 


As the solution must in itself satisfy the original equation of motion, the proper values of the 
constants C and D may be found by inserting (18) in (17). 


They are C = O 


De see 
w” —q? 
.. Y. = D sin qt where D has the above value, and the complete solution is therefore 
y=yity, =A cos wt + B sin wt + D sin qt (19) 

We can simplify further the expression by making y = O for t =O when also A = O and from: 

iS Aw sin wt — Bw cos wt — D q cos q t 

dt 

with dy = otrtao Beep 4 
dt w 


so that y=D 4 sin wt + D singt 
w 


A ¢ . 
ay (sin qt— 4 sin ut) (20) 
Ww 
It will be seen at once that y represents the sum of two Simple Harmonic Motions haying 


‘ ( sieeee °F 3 ar oy 2 . 
amplitudes D and D 1 and periodic time T, = and T= respectively. 
w q w 


The resultant motion will consequently have an amplitude varying from a minimum value of 


D (1 = ) to a maximum value D (1 ppt ) and a period, which, although not perfectly constant, will 


w w 
Qo 
have a mean value of T,, = - 
w + 
2 


The period during which the amplitude goes through a complete cycle from minimum to 
is T 
. . 1 2 
maximum is Te w T_T. 
2 
. . . ,_¢ ( . . ~Ff s ( . 
The following sketch (Fig. 4) showing y = D (sin qt — 4 sin wt) for T, = 1-25 1, 1.¢., L = +g depicts 
d w w 


graphically the situation much better that words could express it. 


I 


Fie. 4. 


The sketch shows once more that for a given value of | the resulting amplitude of vibration keeps on 
w 


: ae ( ( f 
fluctuating between the limits D(1 _ “Land D (1 ce ) ; What happens now if we change the value 
w w 
of q or the frequency of the forced vibration ? 
A few numbers will give the answer : 


Amplitude = D(1 4: ie wi : (1 Ste ) 
w w — 4? =y 


a 
= (+8) 


w . 
as “a” is the amplitude of motion of the point of support P, the resulting amplitude of the forced 
. ‘ = eee 2 I ( ; : i : 
vibration of W will be [— q (1 ar 4) times that of the point of support. 
——- ag w 
w 
Let a=1, let 4 be great or small. 
Ww 
| 
q Amplitude of motion q Amplitude of motion 
| “i of W. wo of W. 
| 
0 | 1°] — 100 
l Perl 1*2 | — 70 
5 2 15 | — 2+) 
8 3 2 — 10 
4 10 10 — ‘111 
| co co | — 0 
| 
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Note that, when the forced frequency q is a small fraction of the natural frequency, the forced 
vibration of W isa faithful copy of the motion of P; the spring and the weight moving like a rigid 
body. When the forced is increased in frequency the motion of W is a faithful magnification of P's 
motion. As the forced gets nearly equal to the natural, the motion of W is an enormous magnification of 
P’s motion. In practice there is always some friction, and therefore the amplitude of vibration cannot 
become infinite as in the purely theoretical case under consideration, 


When the forced frequency is greater than the natural, the signs changes, i.e., W is always half a 
period behind P, being at the top of its path when W is at the bottom. When the forced is many times 
the natural, the motion of W gets to be very smal; it is nearly at rest. 


Section 5.—DampPED FoRceD VIBRATION. 
d? 
dt 
the expression on the left, representing free vibration, by the corresponding expression (12) representing 
damped vibration, we obtain the equation of motion for damped forced yibration 


If in the equation of motion of unresisted forced vibration >, + w?y =w* a sin qt we replace 


+ KS , + wy = wa Sin qt (21) 


As before, the complele solution will consist of two terms y, and y,, where y, is the solution for 
damped vibration and y, the solution for forced vibration, which by itself satisfies (equation 21). 


iv 
ET ob » ee be 9 
yi=e (A cos awe w? a t + B sin wi w? a t) (13) 
and y2=Ccosqt + Dsin gt (18) 
differentiating (18) once we get: 
i = —qCsingt + q D cos qt 
and twice: 
ae = — qq? Cocos qt —q? Dsin qt 
Substituting these values of 2 + = in (21), and equating all the coefficients of sin q t and cos q t, 


we obtain the proper values of the constants C and D, which are 
— wa. BY 


——5 —<- for C 
were ee 


and 
wa (w? — q?) 
(w" = q?)? + pea? 
In this case, however, owing to friction, y, will be more or less rapidly damped out of existence, and 
therefore the resultant motion will be defined by the expression : 


for D 


y =Ccosqt + Dsin qt (22) 
where Cad D have the value given before. 
As in the case of free vibration the amplitude is 


VOD = 4 /( — wa. pd ret wi a (wi — 4") y 
(w? — q?) + ped? (w" —(y + peg? 


2 2)2 2,2 (23) 
V (wv? — q?)? + ug 


Equation (28) is particularly interesting and deserves special attention. As we know, “a” is the 
bcee, : ry : bad Seria S708 A i 
maximum displacement of the point of support and “ K” is the stiffness of the spring 


Ae ee.) (25) 
will therefore represent the maximum value of the periodic impulse setting up vibration. 
2 ( : : : re ie 
From (25) a= : = elongation of spring due to gradual application of force Q and 
x 


2 Q w 
amplitude = = x = : 
: Ds eT 
ee ; , ; = A A i epee 
1.e.—The amplitude of damped forced vibration is equal to the elongation of the spring due to the statical 
application of a force equal to the maximum value of the periodic exciting force multiplied by the factor 


2 


Ww 
V (w? — 9?) + peg? 
called the ‘dynamic magnifier.” 
For q =O, which means an infinitely great period of the exciting force or, in a practical case a very 
Q 


great period, the “dynamic magnifier”? = 1 and amplitude = aR static elongation of spring due 
: R ‘ 


to force Q. 


For p = O, i.e., for unresisted forced vibration the dynamic magnifier becomes — , . 
o— Qo 

‘To an increase in the frequency of the excitation corresponds a very rapid increase in the amplitude, 
which reaches a maximum when q = w (resonance). 


Then amplitude = &@ x & 


\ BY 
nee te : nis ; : () - : ; 
Substituting for w? (see Section 2), amplitude = —*-, and since mp = f = damping force, 
m muq ; 
Os So 


amplitude = » Le, he maximum amplitude is inversely proportional both to the damping 


f x q ag f x w 
force and the natural frequency. 

For q greater than w the amplitude rapidly diminishes and becomes O for q=oo. Sve Fig. No. 5, 
showing the amplitude plotted as abscisswe for varying q values as ordinate, or “resonance curve,” as it 
is sometimes called. 


| 


Amplitude, 


oo. aw queue 
Cre} a-4 te0 


Rig. Ds 


The analysis of the formula for 5 or lead angle is also interesting. By making, in the original 
equation of motion (21), the impulse a function of sin qt, ie., Impulse = O, where t =O; one has 
also made the epoch angle of the impulse =O and therefore § represents also the phase difference 
between impulse aud resulting vibration. 


28 


For u = Q, i.e., without damping tan 6 = O, or impulse and vibration are synchronous. For q 
greater than w and no damping, tan } = — O and § = 180°, i.e., the vibration is always half a period 
behind the impulse. 

With damping, for q = O or very small, i.e., with very low frequency impulse, tan 6 = O or nearly 
so, and again impulse and vibration are practically synchronous. With an increase in the frequency of 
the impulse the phase difference between impulse and vibration increases, and when q =w (resonance) 
tand=co 6= 90°. 

For q greater than w the phase difference keeps on increasing and becomes equal to 180° for 
{= oo, i,¢., tan d=—O. Fig. 6 shows the phase difference between impulse and vibration for 


. C . 
various values of 1 and damping factor p. 
WwW 


180° 


SECTION 6.—SEVERAL MassEs. 
Spring replaced by weightless beam supported at ends with one mass m, at a certain point. Then, 
if K be the stiffness of the beam at that particular point : 
K =w, and K = w,?m, 
m, 
Substituting for m, another mass m, at precisely the same place, since K remains constant, the natural 
frequency changes, but the relation K = w.,? m, still holds. 
For a third mass m, + m, new frequency, but again 
K = w? (m, + m.) 
Replacing the values of m, + m,, obtained from the first two equations, in the third: 


‘ K I 


oe = = 


oo 
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and for n masses: 


a 1 
l l I 
A/a 
w)~ Ww.” W)" 
and x = ay + a Se ee e 
we w)~ Ww.” w,~ 


lt can be shown, experimentally, that this simple relation between the various natural frequencies 
subsists also when the various masses are distributed along the beam instead of being concentrated at one 


ae rene: ‘ g a. en SHA bes s =8 
UO LING, oid a aces rg cee ee 
5s 5, Pe By w g§ g g S 
: = Te) g ‘ 
and natural frequency of system N= (26) 


n\/ 
where Xs is the sum of the s/a/ical deflections bei by the weights of masses ih, m,,.... m, taken 
singly or, in other words, the maximum statical deflection of the beam loaded as above. 


SECTION 7.—VIBRATION OF FLoatinG BoDIES. 


Consider a weightless beam, pivoted at its ends and supporting at centre a mass M. If M be 
displaced from the position of equilibrium and let go, the system will start to vibrate ; the force acting 


: Mg : : ( 
on M being at any time = - s y=Q and consequently the reaction at each point of support = — : 


' 1: Tn 
Nee Fig. NO. 7. 


Z 


M 


Fic. 


Suppose now the same beam to be floating in a frictionless fluid which, whilst supporting it, offers 
no resistance to its motion ; the ends of the beam will logically Le quite unconstrained. A beam having 
both ends free is called a free-free beam and may be taken to represent, with certain corrections, the 
condition of a vessel or any elastic system floating in water. 


30 
lo deflect a free-free beam and start vibration the statical reaction provided by the fixed end 
supports in the previous example are no longer available and must be replaced by inertia forces of 


: ( . 
magnitude ——. These forces may be generated by two equal masses m, fixed at the ends of the beam 


a 


and moving upwards through a distance y, while M moves downwards through a distance y. See 


Q 


Fig. No. 8. 


Fig. 8. 
1 sper os peste ) Me oes 
For equilibrium the relation = i= — =— oe y must be satisfied, and therefore 
M 
n=— yor2my,=—My 


2m 
As 2 my and My representing at any time the moment of mand M about the axis aa are constantly 
equal, aa must pass through the the centre of gravity of the system and never move. 

A and B are therefore fixed points and are called * nodes,” and the resulting vibration a “ two-node 
foe ” or, being the simplest possible form of vibration for the elastic system considered, the 
fundamental or “primary” vibration, or also the * vibration of the first degree.’ 

A vibrating beam pivoted at the ends and supporting two masses (see Fig. 1) will be acted upon by 


two forces, Q, and Q )., and will deflect as shown in a if the two forces have equal dessins and as shown 
in B if the two forces have opposite signs. 


An elastic system with two masses can therefore have two distinct forms of vibration and two 
frequencies; the “primary” corresponding to condition a with frequency N and the “secundary” corres- 
ponding to condition B with a frequency which will be higher than N. 

I .) 


a' and B' show Ms corresponding forms of vibration for a free-free beam. 


The “ primary” vibration is again characterized by the presence of two nodes, while the ‘secundary ” 
has three, hence its definition of a ** three-node vibration.” 


With three masses, three modes of vibration are possible, the “ primary,” ‘‘secundary” and “ tertiary,” 
distinguished by 2, 3 and 4 nodes respectively and having three distinct natural freien: 


A system having an infinite number of masses, i.e., a continuous beam, will therefore have theoretic: ally 
an infinite number of natural frequencies. 


SEcrion 8.—VIBRATION OF FREE-FREE BEAM OF UNIFORM SECTION. 


The flexural vibrations of a free-free beam of uniform section represents perhaps one of the closest 
approximations still amenable to comparatively simple mathematical investigation, to the conditions 
obtaining in the case of an actual vessel. 

In a free-free beam of uniform section and length “1”, let at any point, distant x from one end : 

y denote the amplitude of vibration at time “t” 


m : 
the mass per unit length of beam, 

() the shearing force at time t, 

M the bending moment at time t, 

I the moment of inertia of cross section about the neutral axis, 


E the value of Young’s modulus. 


m : 
dx. At x the shearing 


Consider now at point x an element of beam having length dx and mass = 
force is Q and at x + dx let the shearing force bs Q + dQ. 


.*. force available for the acceleration of | dx =Q+dQ-Q= dQ and since force = mass x 


acceleration 
hr eee ee dey , dQ _m dy a7 
Ge SGN Rarer hb urary:oosat ees ae 
1M dQ _ dM 
but QO = sand cae 28 
be ioe se @ GEE (28) 
also M = — EI2Y 
ola 
ii Seat dQ 
Be — EIST -% 29 
dae 2 saan toe 
Replacing the value of dQ given by (29) in (27) we obtain 
} Pik y 
ae py eeu Oay 
Celene 
ope ee oie 
ml dty/dx! (30) 
and its solution is given by y = Sinwt(Acosdx + Bsindx + Ce* + D ca) (31 
where A, B, C and D are arbitrary constants and w and X have values depending on Ed 
m 


The above expression shows that the amplitude of vibration y at any time “t” and at any point 
distant x from one end of the beam is given by the product of two independent factors : 


3b2 


The simple harmonic factor “sin w t” depending on fime only and the sfatical factor, represented by 
the expression between brackets, which is a function of x only. 


The extreme amplitude of displacement of any point along the beam will be reached when the cyclic 
time factor reaches its maximum value, i.e. when sin w t = unity. 


At that particular instant of time Y =JYmox = (Acosdx + B sin Ax + Ce*+De>>) (32) 
and therefore the expression between brackets, or our statical factor, is simply the equation to the curve 
of Maximum Deflection of the vibrating beam ; 
and at any time t, y = ymax 8inwt, which is again the fundamental equation for Simple Harmonic Motion, 
i.e., every point of a vibrating free-free beam is subjected to Simple Harmonic Motion having a constant period 
but different amplitude. 


Since y represents amplitude of any point along the length at time t 


ot =wcoswt(AcosXx + Bsindx +Ce* + De®) (33) 
( 
will be its velocity, and its acceleration will be given by 
20 
Le) —w’sinwt(AcosXx + Bsindkx + Ce* + De) = — wy (34) 
dt? 


i.e., the acceleration at any point is proportional to the amplitude at that point and therefore the curve of 
amplitude will represent to some scale also the curve of acceleration. 


m : 5 eee fe: : : 
But rT * acceleration = load per unit length and, since is constant ina uniform beam, y must 


represent to a different scale also the curve of loads. 


This is easily proved ly differentiating y four times with respect to x ; as : 


Be = sin wt (—AXA sind x + BdXcoskx +CKOE*—Dre™*) = slope (35) 
dx 
: y = sin wt (— A? cos x —B)? sink x + Ch2e+* + De ~**) = B Moment (36) 
le 
38y 
: Y =sin wt (A dM sin kx —B dS coshx +CMO* — DE?) = shearing force (37) 
dx® 
2 = sin wt (AM cos Xx + BM sind x + CAM e* + DA e->*) = Load (38) 
ax! 
= My = Load 
The frequency of vibration N = adh per minute and to find w: from (34) and (38) 
uy 
a? y 
dt? —w' y w? 
OE Baa CSR aka ( 
ax : 
cat ey, 
: ae gy) dt? 2 
and from (30) ay =—mn 
Pi 
wt I /EI 


= A and w = h?A/ a 
| 


30 HI 
and N = — 4? m (39) 
= zi 


in which every term is known except i. 


To tind X we must express the arbitrary constants A, B, C and D in terms of known quantities. 
In a free-free beam the bending moments and the shearing force at the ends must be nil. 


1.€., forx =0 d? y = Oand dy =Q 
dx? dx? 
and for x = 1 dty = Oand a! Y=0 
dx? ax? 
therefore for x = O 
from (36)0=—A+C4D (1) 
and from (37) O= —B+C—D (1) 
and for x = 1 
from (36) O =(— A cos Al — Bsin Al + Ce™! + De) (111) 
and from (87) O = (Asin Al — B cos dl + Ce™! — De?) (IV) 


from [: A=C + D and from II : B=(C—D). 


Replacing these values in IIT and IV : 


O =— (C + D) coskl —(C —D) sind] + Ce™ + De >) (V) 
O =(C + D) sin Al— (C — D) cosdl + —Ce* — De!) (VI) 
adding V and VI O = — Ccosdl + Dsindl + Ce™ (VII) 
D cosl—e™ 
and Cheamenrainiy| 
Ces = sin Al + cos Al— @! 
Clee sin \] 
C—D_ cosAl—e*!—sin™! 
Cie os sin Xl 


VI may be rewritten in the form : 
C+D. C—D © ) 
O= ee sin Al——,— cosdl +7 e™*! + : et 
C © C © 
and substituting for the constants the values given above and simplifying VII takes the form : 
O = — cos\l (e*' + e) + 2 
l (e! + e) 


> 


or Gos X =] 


XI =yl 
. si + e 
and since = cosh Al 
» 


1 


cosh Xl CVE) 


cos Al = 


The graphical solution of this relation is perhaps the simplest and clearest. See Fig. No. 10. 


Fic. 10. 


The abscisse of every point of intersection of the two curves represents a value of \1 which 


satisfies VIT. From the sketch we see that : 


Be 
A, | nearly equal to ~ actually 


oO 
d. | very nearly equal to S 


it 


A; | practically equal to 


ate} 2n + 1 
X,, | equal to ( > )n 


Each solution represents, as we shall see, a different form of vibration of the beam rA1l= S 


7 . ; : 2n l . . . 
the primary vibration, \,] = a1 the secundary, \,,1 = ( at ) w the vibration of the #th degree, 


9 
For \,, = (7 TAs equation (39) takes the form : 
a » | | 


, _ 30 [/2n+ i) Fl. / 
N.= T [( 2 l “/ 


substituting for m, W where W = weight of beam 
g 


g = acceleration due to gravity 


Neal oir ie ret a/ 
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7°853 


= 10°9956 


El 


m 


l 


yé 


De 


The yalue of Young’s modulus for steel may be taken as 13,000 and the general expression for the 
frequency of vibration of a s/eel free-free beam becomes 


N, = 15244 (2n + 1)? | 


VV wi 
where | = Moment of Inertia of section (ft? in’) 
W = Weight of beam (tons) 
| = length of beam (ft). 


For vibration of the first degree (two node primary) 


= land N, = 15244 2 iD l =a UI yeahs hs Wa | 
: an Tear / WE / Wp 


Section 9.—DETERMINATION OF THE PROFILE OF THE AMPLITUDE CURVE. 
For sin wt = | the general equation for amplitude becomes 
y = (A cosdx + B sin Ax + Ce* + De) 
and to be able to plot the curve, the value of the constants A, B, C and D must be determined. 


We have already seen that : A=C+D 
B=C—D 
ae D _ C08 Al — @& 
C sin Xl 
also that \,1 = 4°73 radians represented the first of a series of possible solutions, 
1:73 radians = 271° nearly. 
a ei — Or 2a 
and Dy = os ait Es alls 
C, sin 271 
cos 271° = -0175 
ef73 = 113°30 
sin 271° = —-)N985 
; D _ 0175 — 113°30 _ 11328 
G — "INNER 


As the character of a curve, represented by any equation containing constants, is perfectly defined 
by the ratio between the constants, while their absolute value determines only the actual magnitude of 
the ordinates, we can proceed with our investigation of the character of the amplitude curve by assessing 

: - a 1G, eens 
any arbitrary value to C and D proyided the ratio Fae 113-28 be maintained. 
Make for convenience C = 1 
then D = 113°28 
A=C+ D= 11428 
B=C—D= —112°28 
and y = (11428 cosd,] — 112°28sind,] + e*" + 113-28 e—**?) 


Similarly for the slope, B M and SF respectively we get 


| , 

= :(—114°28 sin A, | — 112-28 cos d, 1 + e **? — 113°28e~ A+") 
d?y - 
de = 2 (— 114:28 cosy] + 112-28 sind, 1 + e*'? + 113:28e~ >) 
dl 


The characteristic ordinates of these curves are given in Tables IV, V, VI and VII and are shown 
plotted in Fig. “e”, 
m : ate : Dow 
The secundary form of vibration takes place when ,1 = = 


In this case for GC, = 1 


D, = 2573°6 
A, = 25746 
B, = 25726 


and the resulting amplitude profile has ordinates as shown in Table VIII where also the ordinates of the 
two and four node type flexural vibration profiles are given as fractions of the end ordinate. 


Section 10.—DamPeEp VIBRATION OF A FREE-FREE BEAM. 


From analogy with the effect of damping on a single mass system we can assume that also every 
single point of a vibrating free-free beam, subject to a damping resistance, will perform a damped 
vibrational motion in lieu of the Simple Harmonic Motion so far considered. ‘The damping force in a 
vibrating system varies as the velocity of vibration which, in its turn, is directly proportional to the 
elastic deformation at the point considered. 


The damping forces are therefore distributed along the beam in precisely the same manner as the 
elastic forces which have given rise to that deformation and the profile of the amplitude curve of a free- 
free beam subject to damped vibration must therefore be geometrically similar to the curve we have 
already determined in the case of unresisted vibration. As in the case of a single mass the decrease of 
amplitude with time will be given by the exponential factor e— ft where p is a coefficient depending on 
the internal and external frictional resistance to the motion of the system. 


The frequency will also become smaller as w, = re w? — 
4 


Section 11—Dampep Forcgp VIBRATION OF A FREE-FREE BEAM. 
We have already seen in the case of a single mass system that amplitude of damped forced vibration 
was equal to the deformation of the elastic system due to the gradual application of a force equal to the 
maximum value of the periodic exciting force multiplied by a “dynamic magnifier,” ie., 


Q = we 


amplitude =— SS 
“Vw a) ee 


Note that the dynamic magnifier or rs contains only terms which are directly 
(w' — + pa? 
applicable to any elastic system, while the deflection caused by the gradual application of a force Q will 
be naturally dependent on the elastic characteristics of the system acted upon. 
As in the case of a free-free beam statical calculations for deflection are hardly legitimate, the 
deflection caused by the gradual application of a force Q, must be determined by the energy method, 
ie., work done by Q = Potential energy of system in extreme position. 
= kinetic energy of system in mid position. 
Let 8 be the maximum deflection at the point of application of force Q. Then work done by 


Q =}8Q. 


1 
i Bing : : : Fy m $ e : 
The kinetic energy of system in mid position avi » , dx v* where vy denotes the velocity of 


Sail | 
: oe ' SApaato : : m : : 
vibration in the mid position, i.e., the maximum velocity and r mass of the beam per unit length. But 
» 
Set : < ‘ pet eet ee 2r 
in Simple Harmonic Motion vy = y w, where y = amplitude of vibration in extreme position, and w = 
+1 


oe =e Tf, vax. 


Table LX gives the y values of y at certain stations along the beam expressed in fractions of y,, i.¢., the 
amplitude at ends and y’dx may be very simply obtained by squaring the values given in the table 
and putting them through Simpson’s multipliers, thus :— 


TABLE IX. 
St y (2 x; sM. | Prod 
Ye Ye 
ipo “e: as : a} - | 
| 0 100000 10000 1 500 
I ‘587 | “2884 2 | “577 
2 97 0094 I | 009 
3 — 272 | ‘0740 2 “148 
| \ — ‘521 | 2714 1 | 271 
5 — “608 BOOT 2 ‘T40 
6 — p21 2714 1 271 
7 | — ‘272 0740 2 148 
8 | 097 “004 1 | 009 
9 | 337 2884 2 | “D77 | 
| 
10 | 1-000 10000 1 “500 | 
. a cc 
ia | : 
~/. Venda 7 paar aii ya peered ie ihe 
: K Ledx™ ~ 2 
: t? l 
=150Y (40) 
Equating the K.E. to the work done we have us bl ye — 5 


but § must be equal to amplitude of vibration at the point of application of Q = ue XNe 


e 


where 4 = ratio of amplitude at the point of application of the force to that of the free end 
y 


ie 
-V= QI at 
; Tr WwW Ve. 
and deflection at any point x along the beam 
ee Be Fa 
pay, Bo OMs _ Hd un 


ae TT WwW y, 2 


BS 


To arrive at the amplitude of forced vibration caused by the application at point “a” of an exciting 


force having maximum value Q and period q we have simply to multiply (41) by our dynamic magnifier. 


a Q T?¢ Ya Yx w (42) 
yx —_— W x Y 2 x J 9 as ~2\9 ” 9 * 
: Je (w* — q*)? pq? 
For uniformity and convenience also w and q may be expressed in terms of T and T,, the 


corresponding periods, when (42) will take the final form : 

noe EAS dhe i: 
She Wonram Wey al ee 
chad Wd re ena dR A 
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Section 12.—DampEp Forcep VIBRATION OF A SHIP. 


The formula for amplitude of damped forced vibration for a free-free beam may, with certain 
corrections, be applied also to a ship. In this case, however, owing to the different weight distribution 
due principally to the fining of’ the ends, the amplitude of vibration at the ends becomes much larger in 
relation to the amplitude at amidships, and our expression for K.E., being proportional to y, only, would 
yield quantitatively too large results. 


The necessary correction factor “C” may be taken as varying from 0-4 for fine to 0-6 for full ships, 
with an average value of about 0°5.  (C.f.r. Dr. Lockwood Taylor Paper on Vibration of Ships, 
T.I.N.A., 1930). 


W of the beam formula should be replaced by “M,” the total mass of ship, and 4 the damping 
coefficient, by K haying values as given in the chapter on damping. With these corrections the formula 
becomes 

= (3. QT’g x Ya Yx T? 
a aM vie € 


ar (T? — Ty? x K pT 
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DISCUSSION ON M. COSTANTINI’S PAPER 


ON 


VIBRATION IN SHIPS. 


G. D. RircHie. 


Gentlemen, we haye a very monumental paper for your consideration. It is not one that 
may appeal to many people as a matter for discussion, but we are very glad to see so many here. 
It is quite a mistake to imagine that a subject that does not come within the seope of Lloyd’s 
Register Rules is not one which should interest everyone. The subject of Mr. Costantini’s 
paper is one which has a bearing on both naval architecture and marine engineering and, 
therefore, should engage the attention of all of us. I hope that this paper will receive the 
attention it deserves, for it is a perfect monument of study and inquiry, and is given in an 
exceptionally able manner. In order that Mr, Costantini may be assured that his paper is 
thoroughly appreciated, I hope that the contributions to the diseussion will be numerous. 


Dr. S. F. Dorey. 


I feel I should say a few words to explain my attendance here to-night. I do not wish you 
to think that it is associated necessarily with the title of the paper, because that is not the ease. 
It has been somewhat unfortunate that my comings and goings should, both in London and 
outside, have been such that I have been quite unable to attend these meetings in the way I 
should have liked. I have always had a close connection with the Staff Association, and I hope 
it will be possible for me to continue to do so. It is of interest to me that I have been able 
to attend here to-night, not only from the point of view of the subject of the paper, but because 
I have known Mr. Costantini for some considerable time and I am sure he has put a very 
interesting paper before you to-night. He has obviously given a considerable amount of his 
valuable time to this paper, and I would like to say to those who are present to-night that I 
am very glad you have taken the trouble to attend. 


Now, it was my pleasure at one time to give a paper on Vibration of Shafting to the 
Association, which possibly puts me in the position of making one or two minor remarks on 
the paper. Mr. Costantini refers on page 1, second paragraph, to the fact that “vibration of some 
kind existed in ships ever since machinery was installed in them and even before that, but the 
problem seems to have been brought into prominence only by the advent of the Diesel engine. 
This is probably due to the higher revolutions at which motors are generally run, as compared 
with those of the corresponding steam engine.” Now I take rather an exception to that 
statement, because my attention was drawn to considerable vibration in the “Rex,” the largest 
ship built in Italy, the trials of which I attended. This ship was fitted with geared turbines 
and at the full-power trials considerable vibration was evident at the stern of the vessel, so 
that I do not agree that vibration is necessarily directly connected with the advent of the 
Diesel engine. Another ship that had a similar phenomenon was the “QuEEN Mary,” though to 
a much reduced extent, also the “Empress or Brirarn,” and it makes one wonder whether there 
is something more behind this than the mere engineer. While the hull seantlings may be 
considered suitable from a strength point of view, it does not necessarily mean that they are 
suitable from the vibration point of view. The same remarks apply to main propelling 
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shafting. I have just been dealing to-day with a ship in which the serewshaft has a vibration 
stress at normal running speed of something like 4$ tons per sq. inch above its normal stress, 
and this shaft is already 10 to 15 per cent above the Rule requirement, that is about 14 ins. 
above the Rule size. I am prepared to recommend that it be increased a further 24 ins. in 
diameter. It may be that some similar consideration applies in the construction of a ship; 
that is to say, the scantlings may be suitable from static considerations, but may not necessarily 
be correct from vibration standpoint or speed standpoint. In regard to the shafting, I should 
add that it is quite out of the question to prepare Rules which will cover all cases and each case 
must be considered on its own merits, and the same applies possibly to the hull structure. 


I wish to emphasise that all the very big ships do vibrate, and yet are not fitted with oil 
engines. Quite frequently the speed of a ship with regard to its length will have some effect. 
The forces brought to bear on a ship at high speed are very different in character from those 
arising at a more moderate speed. Another point to mention is in regard to the design of the 
propeller, and the need for collaboration between the propeller designer, engine builder and 
shipbuilder. The maker of the machinery probably has very little to do with the design of 
the propeller, which is given to him to fit by the Naval Architect, who probably only considers 
it in relation to the revolutions at full power. But there are many factors that have to be 
considered. On page 2 the author states in the first paragraph: “On the other hand, as we 
shall see, a material alteration of the natural frequencies of the hull is a practical impossibility 
without a radical alteration of the whole structure.” This is a thing that should be considered 
in the design. Then it is stated: “The logical solution would therefore be for the engineers to 
devote more attention to the balancing of their machinery and to try to keep not only the primary 
but at least also the secondary free forees and moments as small as possible.” But here again, 
this only refers to reciprocating machinery, and I have already referred to vibration in a 
turbine-driven ship. 

Another point which might have been made a little more clear is where it says: 
“Torsional vibration, having one or a greater number of nodes may take objectionable 
forms principally in light seantling vessels, ordinary merehant vessels being practically immune 
from pronounced forms of this trouble.” Now, I do not think the author has made it quite 
clear what he means by torsional vibration. It might be inferred that this refers to the hull 
and not the shafting, for the vessel is likely to twist in a seaway, but I do not think in all cases 
this is insinuated in the paper. The torsional vibration of hull may occur as the vessel passes 
through the water at certain speeds. 

In regard to the ordinary merchant ship, the speed is low, the seantlings of the hull 
structure in relation to the vibration question give a stiffer vessel, so that there is not so much 
flexibility in the plain hull of this type of vessel. That may have something to do with’ it. 
Nevertheless, a large number of vessels of this class are fitted with oil engines and yet hull 
vibration does not arise. ‘ 

I cannot help referring to a remark in the first paragraph on page 3, when the author 
says: “Prevention of vibration, so far as the Naval Architect is concerned, is merely a question 
of estimating with reasonable accuracy the natural hull frequencies for the various kinds of 
vibration likely to take place, so as to avoid synchronism with frequencies of the principal causes 
of vibration as detailed in the former chapter. The predetermination of natural periods of 
vibration ts unfortunately a practical possibility only in so far as the simplest types of structural 
vibration are concerned, namely the flexural and torsional vibration of the first and second 
degree.” (The italics are mine.) 

On page 14 reference is again made to the frequency in relation to the torsional vibration, The 
author should have made it clear that torsional vibration of shafting has nothing to do with 
the torsional vibration of the ship. Regarding the Geiger vibrograph, it may be mentioned that 
we have a Geiger torsiograph which can be used as a vibrograph. This instrument was recently 
lent to a firm to measure the vibration of a building, but, of course, it is usually used as a 
torsiograph. 
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There is just one remark I would like to make as regards paragraph + on page 17, which 
states: “So far as the average passenger is concerned, half the discomfort caused by vibration 
is due to rattling.” Quite frankly, this rattling may be entirely a hull question and nothing 
to do with the machinery. In most ships rattling commences when they start to roll, even 
gently, and this is something which has very little to do with synchronisation of any engine 
vibrations. There is also the question of local vibration. L know of cases where local hull 
vibration has been encountered and stiffeners inserted to counter ict it. This is not so simple as 
it might at first appear, since it merely means the transference of the vibration from one part 
to another, and, therefore, it seems to me to be largely a question of a careful examination of all 
the structure in way of the vibration to see how it can be dispersed rather than transferred. 

There are two other points I would like to raise. In my opening remarks, I did not 
necessarily mean to imply that vibration was not present with Diesel-engined ships, in fact I 
vo so far as to say that it is very much more likely to be present with oil engine machinery 
than turbine machinery. But I do wish to point out that it does not necessarily follow that 
vibration will be absent when an engine of rotary type is fitted, and that brings me to another 
point in regard to the vibration of the shafting of oil engines. 

Now, Mr. Costantini mentions about primary and seeondary couples and forces, but the 
whole question of shaft vibration with oil engines is somewhat complicated, particularly where 
the engines have a large number of cylinders. What we try to do is to avoid the working speeds 
coinciding with the eritical speeds of torsional vibration, but it is quite impossible to avoid all 
orders of vibration. It is, therefore, necessary to try and avoid the more severe criticals. There 
will always be some orders present within the working range. In some cases instructions are 
given to the engineer not to run the engines at these speeds because of the vibration stresses set 
up in the shafting. 

In conclusion, the paper does reveal the fact that it is evident there should be a very close 
co-operation between the engine builder and the shipbuilder, in order to ensure absence of 
vibration both as regards the hull and the machinery. 


W. THOMSON. 


In this paper Mr. Costantini has broken new ground so far as the Staff Association is 
coneerned, and he is to be congratulated on the high standard of the paper he has presented. 

The mathematical investigations given in the appendix are somewhat beyond the standard 
of ordinary mortals, but the approximate formule suggested in the paper bring the subject 
within the reach of normal investigation. I have been concerned directly with only a few cases 
of excessive vibration, the first of these being a motor shelter deck cargo ship, 420 ft. X 57-8 ft. 
27 ft. draught. The vessel carried 9.300 tons of deadweight, reasonably distributed, the 
displacement being 14,000 tons. The vessel was quite steady at 80 and 82 revolutions and also 
at 86 and 88, but at 84 revolutions violent vibrations were experienced. Applying the formula 
given at the bottom of page 11, the constant C, has a value of 165,000; the block coefficient is 
75. When only partly loaded the vessel was steady at all speeds and assuming the ship about 
half loaded, the eritical speed, from the formula given on page 5, would be 95, appreciably 
above the maximum speed of the engines of 88. In this case the trouble was cured by a 
rearrangement of the balance weights of the machinery. 

The second case was of a different type of vessel, a combined passenger and cargo ship, 
870 ft. X 52 ft. X 18 ft. draught on trial. At this draught the block coefficient was -65 and the 
displacement 6800. The loading for the trial was rather unevenly distributed, there being 890 
tons of water ballast in the double bottom, 700 tons of cargo in No. 1 hold, 50 tons in No. 2, 
nothing in No. 3 and 475 tons in No. 4 hold. At 95-98 revolutions the vibration was very 
severe, becoming normal at 110. It was considered that the distribution of the loading was a 
contributory factor and the trial was repeated with the deadweight more uniformly disposed 
when the results were quite satisfactory and the vessel was accepted by the Owners. This 
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does not seem to agree with the author’s statement that the longitudinal distribution does not 
matter. Apparently, however, the trouble must have recurred, for a few years later the motor 
machinery was removed and the engine seating strengthened, after which there is no record of 
further alterations. It is a curious fact that two sister ships, built at the same time, gave no 
trouble in respeet of vibration. In this vessel the value of constant C, is about 199,000. 

Case No. 3 is of a vessel very similar to No. 2 but of slightly larger dimensions, 410 ft. X 
51:3 ft. X 20-3 ft. draught on trial, the block coefficient being -69 and the displacement 8550. 
In this case constant C; is about 205,000 for the critical number of revolutions of 110. 


The author does not state the particulars on which the curves given in Table A have been 
plotted, but the figures given above do not seem to agree very well with the curves, although 
this may possibly be due to some misapprehension regarding the application of the formula. 
There is no doubt that the record of vibrations given in the numerous diagrams form a very 
valuable addition to the general store of knowledge. While the analysis of these must remain 
the task of the mathematical specialist, the record in Plate C of the result of an unbalanced 
propeller is clear to the veriest novice. 

The statements given by the author of the possible causes of vibration and of the means 
which may be adopted to minimise the trouble, illustrate clearly the difficulty, or one might 
almost say the impossibility, of laying down any hard and fast rules of solving the problem. 
The fact that often vibration is only objectionable over a very small range of revolutions adds 
considerably to the task, but a careful study of this paper will at least ensure that the question 
is being approached on the right lines. 


J. M. Murray. 


The author of this most interesting paper has treated a very complex, and to most people, 
obscure subject in a manner which sets forth clearly the fundamental considerations and 
covers very completely the existing knowledge available. The sample calculation that the author 
has given should be of the greatest assistance to anyone unfortunate enough to have to make 
an accurate investigation, but perhaps this caleulation is a good example of the difficulties in 
obtaining a useful result. The figure arrived at, a frequency of 111, is very close to the actual 
figure of 114, but an examination of Plate G will show that vertical vibration is almost non- 
existent at 111 revs. Indeed, the diagrams show that an approximate solution is not very 
satisfactory, for the critical period in all eases is very limited, and an alteration of a few 
revolutions in either direction has a very great effect in reducing vibration. 

The author’s empirical formula is a great improvement on existing formulae of this nature, 
and, as more data is collected, should be capable of giving reliable results. It has been suggested 
that empirical formule might be further simplified by replacing the I value by an expression 
of the type cBD*, where ¢ is a constant related to the draught and proportions of the ship, 
but, unfortunately, it does not seem possible to express this constant in a simple form, though 
of course, for similar types of ships, something might be done in this direction. But in any 
ease, the labour involved in caleulating the I of a midship section is not great, and the more 
accurate results obtained justify the trouble. 


Published results giving all the particulars necessary for comparing the author’s formula 
with actual results are not common; Dr.- Todd, in his 1931-32 paper in the Transactions of the 
North East Coast Institution, gives particulars of a tanker 440 ft. X 59 ft. X 32-75 ft. (draught 
25-5 ft.) in which the critical frequency was 78-79 revs. per minute. The author’s empirical 
formula gives a slightly lower frequency, but doubtless the author is acquainted with this case 
and has taken it into consideration when drawing the curves. 

The section on the cure of vibration is extremely interesting, and it is apparent that much 
can be done to minimize the intensity of vibration. As the impulsive foree emanates either from , 
the engine-room or propellers it is necessary that care should be taken that the structure in these 
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regions is sound, and the diagrams show clearly the efficacy of transverse bulkheads in preventing 
excessive vibration. In some eases the engine-room pillars have been “insulated” by pads of 
compressible material at the heads and heels, and occasionally these pillars have been eliminated 
altogether. 

The author discusses the question of local vibration ; it is fortunate that the cure for vibration 
in panels of deck plating is simple, for calculations show that the frequeney of a superstructure 
deck having a beam span of 20 ft. is in the region of 500 per minute, and therefore it is unlikely 
that such a portion should escape being influenced by one of the higher modes of vertical 
vibration. The deseription of Dr. Loser’s appliance for neutralising vibration is interesting and 
the apparatus seems to be very effective. It would seem that under suitable conditions a 
vibrating member, composed of several springs attached end to end, such as decks attached by 
pillars, might aet in the same way with a consequent reduction of vibration. Confirmation of 
this has been obtained from a standard text book which states optimistically that “this result 
may be proved easily by the student.” 

The members of the Staff Association should be grateful to Mr. Costantini for his trouble 
in making clear a subject which, although perhaps “proved easily” to some, is full of difficulties 
to others. 


T. W. Bunyan. 


I have here a length of lead-covered cable which I recently removed from the engine-room 
‘asing of a twin-serew diesel vessel. The lead sheathing was so badly cracked by vibration that 
the entire run had to be replaced. On examining the sample it was noted that these cracks 
oceur at definite intervals which check up very closely on measurement. I claim that there 
is a possibility that these cracks occur at points of greatest agitation, in which ease the distance 
between the cracks would be half the wave-length of the vibration. By using wires of some 
lead alloy sensitive to fracture by fatigue, fixed to bulkheads and plating at various parts in the 
vessel, a definite check is obtainable on vibration caleulations. 


I should like to thank the author for his most informative paper. 


R. Epear (Greenock). 


Mr. Costantini has made a bold effort to steer a clear course through the mass of analysis 
and data gathered round and, to some extent clouding, the subject of ship vibration. He 
presents the ease very fairly, but it is only to be expected, as he indicates himself, that from the 
nature of the subject varying views may be held. Like other cases of investigation of ship 
problems the main difficulty lies in adjusting the available mathematical analysis to the complex 
structure and conditions of the vessel herself. In this respect there is too great a tendency to 
regard theoretical analysis of this kind as representing the whole of the actual case, instead of 
as giving results which assist in a decision being taken. 

It is usually impossible for these investigations to be made so well in advance as to be rez lly 
effective, as development has to proceed to provide the necessary data, and in view of the 
practical impossibility of altering engine revolutions after any small time has elapsed in the 
construction stage, investigations are often devoted to finding a cure than to prevention. This 
is illustrated in the examples given and is justification for the theoretical investigations—if 
that be neecessary—pending the day when they have been simplified sufficiently to be used 
more effectively in advance. It should also be realised that vibration is only likely to receive 
attention if it is objectionable and, while I agree with the author regarding resonanee, many 
local vibrations which ean be characterised as objectionable are probably not susceptible to 

‘aleulation at all. Investigations into the latter would not initially be undertaken. In view of 
these limitations it appears that a simple investigation, even if of an empirical nature, into the 
frequency of the flexural vibrations made at as early a date as possible has advantages, and 
appears desirable with the faster running machinery being fitted nowadays. The author does 
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not give results of the application of his amendment to Sehlick’s formula, but it is in this 
direction that advance has most practical advantage. It also appears desirable that where 
vibration may assume importance the details of the design of the strueture should be considered 
from that point of view. 

With regard to the tables given (page 4) for the coefficient K for added volume of water 
it should, perhaps, be indicated that these are coefficients for volumes not of shipshape form 
and differing between A and B. (Table A, it is noted, is referred to as Table 1 further on, and 
there is an unfortunate misplacing of the decimal point in the displacement table in the 
unnumbered table following.) 

On page 6 the question of variation of longitudinal deadweight distribution is dismissed 
by limiting the case to that of a fully laden cargo ship, but, of course, such is not always the 
case, and there may be, for example, empty holds, or loaded “tween decks which cannot thus 
be disregarded. 

On the subject of the effective value of the product E x I, I found some difficulty agreeing 
with the author’s expression “which of the two factors” in the second paragraph, though modern 
thought may incline that way. I do not see evidence that it should definitely be one factor or 
the other; is it not possible that it might be due to both? And although the modulus of 
elasticity of mild steel cannot reasonably be expected to change simply because. the steel is 
worked into the structure, that does not render the structure homogeneous, which is the basis 
of the derivation of the equations of bending. Surely the very essence of the use of the 
material depends on the effectiveness of its joints and these then must be supposed to be 
elastically homogeneous. If observation of actual work bears this out, which I doubt, it does 
not cover design in many cases. 

I should be very chary of attaching much value to the use of timber sheathing as useful 
against anything but compression of the decks and even then it is a question of fastening. 
Otherwise, in tension or to prevent vibration, the fastenings normally are, in my opinion, 
insufficient, nor can they be considered, from their nature, suitable. Thus, even had they some 
value initially, exposure to strain lessens this. 

The conclusion regarding the values used of E and I in Dr. Lockwood Taylor’s 1926 paper 
is noted, and I should be glad if the author would give his opinion of the value of observations 
on one side of the plate, which apparently these were. The readings in the “Wo.Lr” experiments 
were on both sides of the plate and recent experiments in Germany similarly, but the details of 
the differences in results are lacking. 

The author’s records of vibration are interesting and the variety in its source noteworthy. 
It may be that not all these were objectionable, but in view of the many unbalances existing or 
induced it would appear, certainly in passenger vessels, that any reasonable precaution is 
advisable. In this connection attention is drawn to vessel E, Plate L. The pillaring in this 
case appears similar to many passenger vessels, when above a certain deck all pillaring is 
of the simple solid type. These may be effective as struts, but were not designed to act as ties 
and it would seem that the end connections might receive more attention, and preferable that 
another type of pillar be developed with better hold on the structure, and more rigidity in the 
girder arrangements than is often the case. 

I echo a response to the author’s remarks regarding engine seatings on page 17 (paragraph 3) 
—though in this country the Shipbuilders are only too willing to supply everything desired by 
the Engineers—but do not quite visualise the development in the fourth paragraph. 

I should like to ask the author if he has experienced any case where the vibration in going 
astern has called for investigation, particularly in the case of twin-screw vessels. This is not 
usually considered owing to the temporary nature of the astern motion, but it is all a question 
of degree, and a case experienced recently seemed as bad as could be permitted. 

I have had much pleasure in reading Mr. Costantini’s paper and appreciate his treatment 
of a difficult subject. 
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Dr. A. PrexwortH (Sunderland). 

I am impressed by the comprehensiveness of Mr. Costantini’s paper on “Vibration in Ships” 
and the large amount of work he has expended in producing it. It is somewhat disturbing to a 
Naval Architect to realise that all this work and other papers on the same subject have only 
succeeded in bringing partially into line one of the many refractory children referred to in 
the opening verse, Many more remain to be mastered, and, personally, I do not agree with 
those who consider vibration the Naval Arehitects’ greatest bogey. So far as the laborious 
nature of mathematical investigation is coneerned vibration may be a troublesome subject, but 
so far as actual vibration of ships is concerned I suggest that the number of cases in which 
it assumes serious proportions are not numerous enough to cause undue apprehension. Structural 
streneth is not usually seriously affected by vibrations of the hull, but human beings, especially 
those who go down to the sea in ships infrequently, are usually extremely sensitive vibroscopes 
and on their account the subject can be considered of great importance. 

In regard to the prevention of vibration, Mr. Costantini rightly advocates the avoidance of 
synchronism necessitating the determination of the fundamental frequencies in, I presume, 
various conditions of loading, but for economy of design of machinery and hull it is obvious 
that hull vibration frequencies should be determined before the speed of the engines is decided 
upon. This is difficult of accomplishment in the vast majority of eases as sufficient time is 
not usually available and it would appear to me that if we desire to make investigations into 
vibration problems routine work in design offices, we should endeavour to improve empirical or 
semi-empirical formula. 

Mr. Costantini, in making the above-mentioned statement, wisely referred to the prevention 
of vibration “so far as the Naval Architect is concerned,” but in spite of this limitation T may 
be permitted to say that the best line of approach should be to eliminate the exciting foree and 
so put the onus on our friends the engineers. In fairness to them we have to express our 
readiness to admit that great advances have been made in recent years in the balancing of main 
engines and auxiliaries, both steam and diesel, and in propeller design. 

Much research has been done on the subject of vibration by young men personally known 
to me, and the work which has interested me most has been the experimental work carried 
out on aetual voyages by means of suitable instruments; I have found the diagrams given 
by Mr. Costantini similarly interesting. Mr. L. G. Burrill, Mr. F. H. Todd and Dr. Lockwood 
Taylor have made valuable contributions to the literature of the subject. The ease and accuracy 
with which the position of nodes and the values of frequencies can be determined by the use 
of instruments as against the great labour and an uncertain degree of accuracy, dependent 
not only upon mathematical exactitude but upon a correct choice of assumptions, in the case 
of mathematical determination, convinces me that much useful work could be done by an 
extension of experimental methods. Authorities on the subject appear to be at variance regarding 
the accuracy of certain assumptions. Youne’s Modulus E. is conveniently adjusted by some 
investigators to balance certain equations, and mathematical determination of added virtual 
mass for a ship shaped form may not, because of complications involved, be sufficiently accurate 
to ensure that the final estimate of frequency is correct within reasonable limits. Similar hydro 
dynamical work, beautifully and laboriously performed in connection with ship resistance and 
propulsion has been largely superseded by experimental tank work. I do not wish to belittle 
the work of those who favour purely mathematical methods, but it seems that, in ship vibration 
problems, such methods are too slow to permit of a full investigation being made in the design 
stage. Mathematical analysis, however, will continue to be valuable in the direction of producing 
a formula on the lines of Sechlick, amended as necessary in the light of improved theoretical 
knowledge and practical experiments. 

T am pleased to observe that Mr. Costantini makes a similar suggestion, and Burrill has 
produced a modified Schlick formula capable, he states, of eiving the correct frequency within 
five per cent in most normal cases. Unfortunately, as stated in the paper, the formula can 
only be applied with a certain degree of confidence to similar ships at corresponding draughts. 


8 


Much information has been accumulated by young Naval Architects who have made actual 
voyages and taken vibration records; an extension of the work in light and loaded conditions 
would assist in reducing the range of the Schlick constant and in enabling comparisons to be 
made with similar ships in similar conditions. Unfortunately, except in the case of tankers, 
trial trips are usually run in the light condition, and in order that experimental records in 
respeet of a large number and variety of ships in loaded condition could be obtained it would 
appear that inereased co-operation between Naval Architects and Shipowners would be 
desirable. 

Mr. Costantini deserves our best thanks for his work, so carefully written and so well 
illustrated. 

: W. M. Batrour (Belfast). 

I read Mr. Costantini’s paper for the first time with very mixed feelings reminiscent of 
student days; but I got deeply interested in the results. 

A feature of a trial trip to-day is the vibrograph, and Mr. Costantini is to be congratulated 
in being so closely associated with the Builders and Owners in their investigations, and 
presenting such a comprehensive paper to the Association. 

I have just returned from the trial trip of a twin-serew motor passenger liner, and a special 
feature in the design was the elimination of pillars in the main and auxiliary engine rooms. 
About a year ago I was on the trials of the sister ship which had built pillars in the motor 
spaces, and these were considered to be active agents in distributing the vibration to the decks 
above, so I was interested in the data on Plate K where the vibration is carried by the vertical 
pillaring arrangement. The results of the present trials were highly satisfactory and, at full 
power with the generating sets at full load, compared favourably with a well-designed turbine 
installation. 

Mr. Costantini refers to seatings and it is a point worthy of notice that ships are designed 
with the depth of double bottom in the machinery space as required by the Rules of Classification 
Societies. For turbine and steam reciprocating engines this may be a satisfactory depth of 
girder; but for internal combustion engines of high power a greater depth of girder below the 
motors appears to be necessary, not for strength but to reduce vibration. Some Builders 
realise this, and in the interest of a comfortable ship go to considerable expense in this direction. 

“Elastic supports” have been tried in this district for vessels of smaller power and under 
generating sets. On trials the results were good, and with further experience engine chocks fitted 
with specially prepared rubber may become universal in all passenger vessels. 

A feature of the paper is that the application of theory has resulted in a practical device 
to neutralise the disturbing forces, and the results on plate N must have been most gratifying 
to the Builders and Owners. On one ship which was reconditioned here about three years ago 
a damper or neutralising agent was fitted to the motor generating set. This engine had been 
running for a good number of years. and with the advance of knowledge it was realised that it 
was not as well balanced as its modern counterpart. A mass carried by four springs was fitted 
to the engine to act as a neutraliser and had a most marked effeet in reducing vibration. 

Ship Owners, having lost the emigrant traffic, are endeavouring in their regular runs and 
in their special cruises to attract a new clientele, who, travelling mostly for pleasure, are 
highly critical. Luxury may be overrated if vibration and creaking disturb the sleep of 
passengers litle accustomed to sea-going conditions. In these circumstances they are apt to 
exaggerate effects and a ship gets a bad name. Mr. Costantini’s paper is, therefore, a weleome 
addition to our knowledge on the subject of vibration. 


R. B. SHEPHEARD (Hamburg). 
The author’s “broth” is good. He has provided within the very limited space at his disposal 
a concise but clear presentation of the theory and practical problems of ship vibration. 
In Naval Architecture, as he states, we are compelled to adopt empirical coefficients or 
systems of caleulation in order to reconcile theory with practice. The evaluation of the factors 
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in the EL product is a ease in point. As a result of the “Wor” experiments, the modulus of 
elasticity E for the riveted ship structure had to be reduced to 10,000 tons per square in, in 
order to “square” the observed deflections with the caleulated bending moments. Later 
investigations of Lockwood Taylor, Pietzker, and Hoffmann have sought for this balance rather 
by modification of the moment of inertia factor I. We are still, however, much in the dark on 
this subject. It would, for example, be of great value to be able to ascertain the relative 
deflections of welded and riveted ship structures. If these were found to differ, should the 
E rather than the I factor be held responsible? 


On page 17 the author refers to the importance of rigidity in reciprocating engines and 
their seatings. The early type of built-up riveted seatings has now largely given place to 
more solid deep welded structures, and the holding down bolts in some recent German ships, 
instead of being fitted clear of the vertical girders are now ar ‘anged directly in line of the 
intersection of these girders with the top plates. 


The author’s remarks regarding the difficulties of the designer in avoiding propeller vibration 
due to wake variation have been fully illustrated by the case of the “NoRMANDIE” (Coqueret 
and Romano, American N.A. & M.E., New York, September, 1936). Vib ‘ation was present at 
the stern for a length of about 100 metres, becoming more accentuated upwards and towards 
the stern, where it reached a maximum of 2 to 3 mm. At the sun deck in way of the turbine 
room hatehway it also reached 2 mm. Proof of the irregularity of pressure distribution at the 
propellers was provided by fore and aft movements at the thrust blocks amounting to 1-5 mm. 
The amplitude of vibration at the shaft brackets was 2 to 3 mm. and-diffieulty was experienced 
in keeping the stern glands tight. Subsequent tank experiments showed that across the shaft 
bossine of the outer propellers there was a radial zone of very strong wake rising rapidly from 
40 to 90 per cent of the ship’s speed. Various cures were tried, including reversal of direction 
of rotation of these propellers, synchronising of all four propellers, and fitting of special 
“friction brake” pillars, but none of these proved successful. Finally, it was decided to rebuild 
the shaft bossines to a form shown by tank tests to give a more even wake distribution, and to 
fit new propellers having four blades instead of three, with a rake of 15 degrees and a “scimitar” 
leading edge, the revolutions being reduced about 10 per cent. An additional expansion joint 
at the boat deck was also fitted. As a result of these modifications the vibration was reduced 
generally to 20 per cent of that previously experienced, and was in many areas entirely eliminated. 


REPLY BY THE AUTHOR. 


Before replying in detail to the various points raised in the discussion, I must plead guilty 
of a certain looseness of language in the opening chapter of my paper, which more than justifies 
some remarks made by Dr. Dorey. If the second paragraph on page 1 had been written “but 
the problem seems to have become really fashionable only after the advent of the Diesel engine.” 
I would probably have been nearer the truth and perhaps escaped the wrath of my engineering 
colleagues. We all agree that the Diesel engines are not the only cause of vibration, but they 
just seem to share the doubtful privilege of the famous last straw that broke the camel’s back 
in foreing the problem to the limelight and inflicting upon the present generation of engineers 
and Naval Architects the additional burden of its study. Not so very long ago it took a 
professor to discover that the roaring of the gears of a certain ship was due to torsional 
vibration of the shafting; the practical engineer did not tumble to it, as torsional vibration 
problems were not considered a necessary adjunct to his professional accomplishments. 

The primary frequeney of flexural vibration of merchant vessels in general varies from 
about 80 to 120 periods per minute and, as most steam reciprocating engines were driven at 
a lower number of revolutions, vibration at that time was generally absent. Diesel motors, on 
the other hand, are unfortunately run at speeds falling within the critical hull frequencies band 
and are, therefore, far more liable to cause trouble irrespective of any other inherent cussedness 
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of which the early types were very richly endowed. Screw propellers do cause a great deal of 
vibration, quite apart from the type of machinery adopted, but this kind of vibration being, to 
a certain extent, unavoidable is accepted by the Owners as part of the price to be paid for high 
speeds and, being always present, is taken for granted. The case of flexural vibrations set up 
by reciprocating machinery is rather different, as only “some” ships are affected by this trouble 
while others are quite free, and obviously no Owner can be expected to put up with something 
he knows ean be avoided. 

The expression “torsional vibration” used on page 2 refers naturally to the torsional vibration 
of the hull which, as Dr. Dorey states, may be caused by the vessel meeting a series of waves 
at an angle, or by badly balanced propellers or engines in twin-secrew jobs, it may take place 
concurrently with horizontal vibration as the point of application of the disturbing forces is 
seldom in the same horizontal plane as the vertical centre of gravity of the vessel and it may 
also be caused via the inertia of the reciprocating masses by torsional vibration of the shafting ; 
thus, in certain special cases, there may be a relation between the torsional vibration of the hull 
and the torsional vibration of the shafting. 

With regard to paragraph 4 on page 17 the rattling problem is decidedly a hull question, 
and has only indirectly to do with machinery; the engines producing the vibration which causes 
the rattling. 

T cannot agree entirely with Dr. Dorey’s last remark on the question of local vibration. 
Local vibration is chiefly a question of synchronism between disturbing forces and natural 
frequency of a certain member or section of the ship’s structure. If the natural frequeney of 
the particular section affected is altered by stiffening it say, resonance does not occur and 
vibration usually disappears. Unfortunately (from the vibrational point of view) many members 
of a ship’s structure form continuous girders and any alteration of the stiffness of one particular 
span, necessarily alters the rigidity of the adjoining spans and may eause the deprecated 
transference of the trouble. This may happen, but I am rather inclined to consider it as an 
exception rather than the rule. 

Mr. Thomson mentions three very interesting examples of vibration, the analysis of which 
gives the impression that the empirical formula suggested is sadly inaccurate. The figures 
quoted by Mr. Thomson in two cases were, however, based on the value of I to strength deck 
only without including the erections and revised figures kindly supplied at a later date give 
the following results : 


For ease T 


Sy Rae pd 460,000 ‘ 
N = 147,000 Nie x 4903 — 19 as against 84 actually recorded. 


For case IT 


& ; / IAD | 
N = 162,600 / eee —=93 as against 95-98, 
\/ 14,500 X 3708 
For case III 
/ 450,000 
Me 100 000i poe ,=103 as against 110. 
V 15,750 X 4103 Seay ’ 

If we consider that vessel IT is an abnormal ease, the extra loading of the end holds making 
it dynamically equivalent to a vessel with a larger block coefficient and a correspondingly 
reduced frequency, say 91 instead of 93, and we now apply a 5 per cent increase to the 
suggested C, values (which can be done without departing unduly from the few original spots) 
the formula would yield the following results :— 

For case I ... 79 asagainst 84. _ 
ForeaseII  ... 96 as against 95-98. 
For ease HI... 108 as against 110. 
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Things are now beginning to look more hopeful, and a few more accurate spots would 
probably bring about-a further improvement. Perfect agreement in every ease is to be excluded 
beeause so long as ships will consist of thousands of pieces of different materials assembled by 
manual labour we shall always have to contend with the undefinable human element. It is ¢ 
well-known fact that sister ships built at the same time by the same builders have different 
natural frequencies. 


I am glad Mr. Balfour’s personal experience goes to confirm that pillars may be very active 
agents in propagating vibration, and I have no doubt that the pillarless engine room is a very 
sound proposition. It is the general practice now in this distriet to inerease considerably the 
depth of the double bottom above the rule requirements in the machinery space of vessels 
propelled by Internal Combustion Engines. This inerease in depth is generally associated with 
heavier seantlings with the result that the bodily panting of the double bottom which was 
noticeable in the machinery space of some of the earlier motorships has now entirely 
disappeared. 

It is rather difficult to give an adequate reply to the question raised by Mr. Edgar on the 
effective value of the product ET. Dr. Montgomerie’s experiments on riveted joints have 
conclusively proved that slipping only takes place at loads considerably higher than those 
experienged on service and, therefore, the effect of joints on general stiffness ought to be 
practically ruled out. On the other hand, the unavoidable discontinuities in the structure of 
a ship, giving rise to local concentration of stresses, create a state of affairs differing from 
the basic assumption that all stresses in a plane parallel to the neutral plane are uniform; 
some members of the ship’s structure might be unable, through secundary buckling, tripping 
or distortion, to transmit the full theoretical strain to the strueture beyond them; thin plating 
might fail to take up its full share of compressive stresses and so on. All these factors would 
be present also in the ease of a perfeetly homogeneous ship and are not inherent to the nature 
of the material but rather to its distribution, and for this reason it is considered that the I rather 
than the E should be made to bear the brunt of the discepaney. Incidentally, the acceptance 
of this assumption, by eliminating FE as a possible souree of error, should tend to lead future 
research for the elimination of the difference towards the study of actual distribution of stresses 
on vessels at sea and to improvements in the distribution of material, which is a very desirable 
achievement. 

IT agree with Mr. Edgar that it is extremely difficult at this stage to assess a numerical 
value to the contribution of wood sheathing to the general strength of a ship, but the complete 
disregard of this factor is also a mistake where quantitatively correct results are expected from- 
an I ealeulation. Unfortunately, the query on strain observations taken on one or both sides of 
the plate cannot be answered as I was never fortunate enough to take strain readings on a ship. 

Ships going astern do suffer in many cases from vibration which may be so severe as to actually 
damage some the ship’s fittings. In the case of a motor tanker the support under the funnel 
had to be considerably reinforced, and in another ship a backstay had to be fitted to the main 
mast after the navigating light had been rattled off. 

Dr. Pickworth and Mr. Shepheard both deal with the question of the value of E, and their 
contributions are of the highest importance, greatly adding to any value the paper may possess. 
The scope which exists for experimental determination of frequencies is stressed by Dr. Pieckworth 
and this side of the question is one that should receive consideration. 

In conelusion, I wish to thank our President for his flattering opening remarks and all 
colleagues who have taken part in the discussion. 
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Refrigerating Appliances of Ships. 


By D. GEMMELL. 


Reap 3rp Marcu, 1938. 


The paper is intended to deal mainly with the features of modern insulation of 
refrigerated chambers, the systems of cooling the chambers, and notes regarding the stowage 
and carriage of refrigerated produce. It is thought, however, that some reference should be 
made to the refrigerants used in marine installations, and a short description given of some of 
the arrangements of refrigerating machinery. 


REFRIGERATING MACHINERY. 

Modern refrigerating machines are almost entirely of the compression type, the principal 
refrigerants in use being carbon dioxide (COs), ammonia (NH) and, in small installations, 
methyl ehloride (CH,CD. 

A comparatively new refrigerant, bichlor bifluor methane (CCl, Fs) or (F,.), commonly 
known as freon, now extensively used in land installations in the United States of America, has 
been adopted in several marine installations of small capacity. Freon is chiefly favoured over 
other refrigerants because it is non-toxic. It is claimed that freon is quite stable. It has been 
held for 30 days at 175°C. without any trace of decomposition. It is an effective fire 
extineuisher. The data in the following table gives a comparison of these refrigerants. 

TABLE 1. 
Taking suction pressure corresponding to & F. with no superheat. Condensation pressure corresponding to 86 F. 
Liquid sub-cooled 9°F., i.e. to 77°F. 


a0), GS eee 
COs NH, CH,Cl Bye 
Heat content. Vapour at oer’. ... ... 282-1 613-3 1942 78:79 
Heat content. Liquid at 77°F. ... ... 2138 128-5 40-4 25-56 
BTU per Ib. epee de or Fs 68:3 1848 1538 53-23 
Wt. in lb./min. of refrigerant circulated 2.928 0-4126 1:300 3-758 
per T.R. 
Volume of vapour in ft.3/lb. at 50°F. ... 02660 8-150 +65 1485 
Volume of vapour in ft.?/min. circulated 0:7789 3362 6-048 5-581 
per T.R. ; 
Volume of liquid in ft.3/lb. at T7°h.... 002270 002657 0-0175 001223 
Volume of liquid in ft.*/min. circulated 0-06646 0-01096 002276 004595 
per T.R. 
Discharge gas temp. °F. .-. ... «-. «+. 153 212 175 105 
Heat content of discharge gas leaving 303-2 715 297 90-25 
compressor BTU/Ib. 
Heat content of suction gas entering 282-1 613-3 194-2 78:79 
compressor BTU/Ih. 
BLU Ab. incompressor 22. eset ee ness oy ba 1017 32:8 11-46 
Theoretical H.P. equivalent per T.R. 
BTU Ab: sd 77748)... 1455 0.9883 1.005 L015 
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It is often asked why COs is used so extensively in marine installations. CO, is always 
above atmospheric pressure in the refrigerating ecyele, it ean be inhaled in fairly large 
proportions compared to other refrigerants without ill effect, it has no odour and, providing it 
is anhydrous, it has no deteriorating effect upon any of the metals usually employed in 
engineering practice. It will be observed from Table 1 that the volume of vapour of COs 
at a given temperature is very much less than other refrigerants, and about 30 times less 
than NHs, which admits of much smaller compressors being used for a given duty. These 
advantages in favour of COs have largely accounted for its general use in marine installations. 


The critical point of the refrigerant has an important bearing upon the performance of 
the refrigerating machinery at the higher cooling water temperatures. This point is the 
temperature of gas, above which, increase in pressure cannot cause liquefaction. The critical 
points of the refrigerants mentioned are :—CO, 87-:8°F., NH, 271-4°F., CH,Cl 289-6°F., F,, 
232-6°F. Where the condensing water temperature is high, as in tropical waters, and approaches 
the critical temperature in the case of COs, the performance of the machine is reduced, but it 
has been proved in practice that it is still efficient at temperatures above the critical point, and 
there is no sudden reduetion in efficiency as is commonly supposed. 

The liquid CO, from the condenser in passing the regulator, meets with a lower pressure, 
and part of it is immediately evaporated, until the remaining liquid is lowered to the 
temperature at which its vapour pressure is equal to the pressure in the evaporator. With 
water above the critical temperature, the gas is not liquified in the condenser, but liquid is 
formed immediately after the regulator, the amount formed being equivalent to the gas passing, 
less the amount which is re-evaporated in cooling the remainder to the temperature of the 
evaporator. It is therefore of great importance to have the liquid sub-cooled as much as 
possible before the regulating valve, and as a means to this end the multiple effect or 
intermediate liquid cooling system has been fitted to many marine installations of ships trading 
in tropical waters. Fig. 1 shows the diagramatie arrangement of the multiple effect system. 

It will be seen that the gas is discharged to the condenser as in the ordinary compression 
system, but the liquid, instead of passing direct from the condenser to the evaporator regulator, 
is passed into an intermediate receiver or liquid cooler. This receiver has an outlet on the 
bottom to the evaporator, and the top is connected to a ring of small suction ports in the 
compressor, which are uncovered by the piston at the end of the suction stroke. 

The accumulated liquid in the receiver assumes a higher pressure than that in the 
evaporator, so that when the small suction ports are covered by the piston, the compressor 
is charged with gas at a higher pressure, which is superimposed upon the lower pressure gas 
entering from the evaporator, and so a certain amount of compression takes place without 
mechanical effort. The evaporation which takes place in the receiver lowers the temperature 
of the liquid contained in it before it passes to the evaporator. The receiver or intermediate 
liquid cooler is fitted with a float regulator, which maintains a more or less constant level of 
the liquid. 

By cooling the liquid before it passes the regulator to the evaporator, the evaporation 
loss after the regulator is greatly reduced, which leaves a larger quantity of liquid available 
for useful work in the evaporator. The intermediate cooling apparatus gives a performance 
which is equivalent to that of a larger compressor, but it also follows that additional power is 
required to drive the compressor. 

The types of machines used for CO, are fairly well known, and are divided into two 
classes, viz. :—horizontal and vertical. The horizontal types include, the horizontal single steam 
driven machine with H.P. and L.P. steam cylinders and double acting compressor arranged in 
tandem, the horizontal duplex machine with H.P. and L.P. steam cylinders each driving a 
double acting compressor in tandem arranged on one bedplate, the horizontal enclosed twin 
single acting motor or steam driven machines, and the Diesel engine driven machines. 


(Figs. 2 and 3.) The latter is worthy of special note as by its introduction in the year 1928 
in five large vessels built for the South American trade, a bold departure was made from the 
orthodox drives of that time. These particular machines use ammonia, but in subsequent 
similar installations CO. was adopted. 


The majority of vessels now built for the carriage of frozen and chilled cargoes are 
suceesstully propelled by means of oil engines, and hence there appears to be greater scope 
for direct oil engine driven refrigerating machines. In these ships the use of electrically driven 
compressors has naturally increased the power of the ship’s generating sets, and consequently 
has inereased the first cost of installation. With oil engine driven compressors the first cost of 
the generators is considerably redueed, the refrigerating machinery is self-contained, and the 
generators can be designed to carry the normal ship’s load, instead of a widely varying load 
on the outward and homeward voyages. 

The vertieal CO, machine now manufactured generally has one to four single acting 
compressors mounted on an enclosed crankease with foreed lubrication throughout, and is 
coupled direct to an electrie motor running at about 350 r.p.m. The compressors are of similar 
design to the double acting CO, compressors, and are fitted with piston rod crosshead and 
gland, so that there can be no leakage of COs into the crankease. The motion work of these 
machines is aecessible through large doors on the front of the crankease, and the main bearing 
caps can be removed for the examination of the crankshaft journals, ample room being provided 
for this without having to remove the crankshaft from the machine. 


The vertical high speed ammonia machine, which is almost universally adopted in modern 
land practice, has not yet found much favour for ships installations. There appears, however, 
to be a tendeney to introduce this type, as several installations have been fitted with them 
recently. These machines run up to speeds of 600 r.p.m. The principal advantages of the high 
speed type are, the smaller space occupied and the greatly reduced weight of the machine. 
The fact that they can be directly coupled to electrie motors without the intervention of 
gearing, makes them eminently suitable for Diesel driven or electrically driven ships, in which 
the auxiliaries must be for the most part electrically driven. 


These machines, using ammonia, methylehloride or freon, are generally single acting, and 
have pistons of the trunk type which carry the suction valves. The discharge valves are situated 
in the eylinder head and housed in a separate easting, known as the safety head, which is 
virtually a valve seated on the top edge of the eylinder or its liner. (Fig. 4.) The safety 
head is held down in place by heavy springs, and it lifts and releases any excessive pressure 
to the suction side, in the event of liquid being drawn into the evlinder with the vapour. 


The suction gas passes through large ports in the walls of the piston which are in 
communication with ports in the cylinder casting. The crankease is consequently subjected to 
the suction pressure, so that it is necessary to have an efficiently sealed gland where the 
crankshaft passes through the erankease end cover. It should be always kept in mind, however, 
that in the event of the suction side becoming common to the delivery side of the plant through 
internal breakdown, the pressure in the crankease would be greatly increased. It is, therefore, 
important that the crankease be tested during construction, by hydraulic and air pressures to 
at least 400 Ib. and 250 lb. per square inch, respectively. 


All refrigerating machines should be fitted with safety valves incorporated in the 
compressor or in the compressor pipes. In CO, machines, a copper dise backed by a spring 
loaded valve is usually fitted. The dise fractures at a pre-determined pressure—about 2,300 Ib. 
per square inch—the valve lifts and releases the gas to the atmosphere, until a safe pressure 
has been reached. 


In ammonia machines a tin dise is used, which fractures at about 400 lb. per square inch. 
This gas, being highly toxic, it is not desirable that the excess pressure be released to the 
atmosphere, so the relief is arranged to communicate with the suction side. Spare discs for 
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this purpose should always be obtained from the makers of the machines, who test the bursting 
pressure of the sheet metal used, to ascertain that this does not exceed the safe limit. It will be 
understood that the smallest increase in the thickness of the dises would greatly increase the 
bursting pressure, with consequent risk to the plant in the event of abnormal pressure. 


Condensers and Evaporators—In marine practice, condenser and evaporator pipes are 
almost always of the round coil pattern, the coils being nested and enclosed in steel or cast 
iron casings. (Fig. 5.) The refrigerant passes through the pipes whilst the condensing water 
or brine cireulates on the outside. Condenser coils in COs plants are made of solid drawn 
copper pipe, generally 3 in. bore and lin. outside diameter. The most common method 
of joining up the lengths of pipe to form a complete coil is illustrated in Fig. 7. The 
end of the tube is heated and formed into a bell mouth by a specially shaped drift. The bell 
mouth is of sufficient size to admit the slightly bevelled plain end of the length to be joined to it, 
and leave an annular space which is filled in with spelter. This type of joint has been found 
very reliable and much more dependable than the serewed union types. Owing to the erosive 
action of ammonia on non-ferrous metals, the condenser coils in NH, plants are made of solid 
drawn steel pipe, generally lin. bore and 1,%, ins. outside diameter. Most manufacturers now 
use the electric resistance butt welding method in joining up the lengths of piping into 
continuous coils. This process of welding has been practised during the past 45 years, and 
proved to be thoroughly reliable. 


Where steel coils are used in conjunction with sea water, it follows that corrosion, mainly 
in the form of pitting, takes place and it is therefore most necessary that such coils be 
examined at intervals. The coils and their casings should be so arranged that easy access 
can be obtained for their examination and removal when repairs are necessary. Evaporator 
coils in brine systems are always made of solid drawn steel tube, generally lin. bore and 
1,5, ins. outside diameter. 

Evaporator coils rarely give any trouble from corrosion, being totally immersed in calcium 
chloride brine which has no action upon the steel. It is invariably found when coils with 20 
to 30 years’ service are removed from their casings, that they are in excellent condition, with 
perhaps the exception of the terminal ends outside the casing, where the intermittent frosting 
and thawing may have caused some corrosion. In cases where such coils are to be retained, the 
terminal ends are cut off and new ends are butt welded in their places. It should not be 
assumed, however, that because this is the general experience of the condition of condenser 
and evaporator coils after years of service, that it is unnecessary to make any speeial 
examination of them. Opportunity should be taken periodically of making a thorough 
examination of such coils, and with this in view the installations should be so arranged that 
the coils ean be easily withdrawn from their casings for examination and testing. Cases of 
excessive leakage sometimes occur, where chafing of the coils has taken place due to their 
fastenings having loosened through vibration, or it may be that defective joints in the coils have 
eventually led to leakages. Rare cases have occurred where laminations in the condenser coils, 
not revealed by the original test pressures, have opened with serious consequences. The sudden 
release of a large volume of high pressure CO, gas cannot be relieved through the water 
passages, and. the casing bursts in consequence. There have been cases where an accident of 
this kind has involved a loss of life. 


A departure from the coil types has recently been made in a number of marine installations, 
by the adoption of the multi-tubular counter-eurrent type of condenser and evaporator. (Fig. 6.) 
These are made up of multi-tubular elements, having an outer tube or shell of solid drawn steel, 
with welded tube plates, and a nest of smaller tubes which may be welded or expanded into the 
plates. In this case the refrigerant is outside the small tubes, and the water or brine is 
circulated through the tubes. These elements are erected above each other, and each shell is 
connected to the one adjacent by a short length of tube, making them common to each other. 
Each tier of elements generally make up one complete independent condenser. The cast iron 
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end covers connecting each pair of elements in a continuous flow are divided into sections 
whieh are jointed to the tube plate, giving from five to eight passes of the water or brine 
through each element. 

In the ease of the condenser the refrigerant enters at the top and the water at the bottom, 
so that the liquid refrigerant leaving the condenser where the coldest water is entering is cooled 
to about five degrees above the cooling water temperature. This type of condenser or evaporator, 
being compact in design, can be arranged against a bulkhead or the ship’s side, and oceupies less 
space than the circular or rectangular casings. Space must, however, be available at the ends of 
the elements for cleaning through the tubes with a brush. It has been the author’s experience 
with condensers of this type that very little deposit is accumulated in the tubes, owing to the 
relatively high velocity of the cireulating water. 

Brine Circulating Systems.—Brine circulating systems are those in which the brine, cooled 
in evaporators, is circulated through grids of piping arranged on the roofs and sides of the 
insulated spaces, or in air cooling batteries. There are two, which are commonly known as the 
“open brine system” and “closed brine system.” 

In the open brine system (Fig. 8) the returns from the various cireuits of grids or coolers in 
the insulated spaces fal! into an open tank. The brine pumps draw from this tank, and deliver the 
brine through the evaporators for re-cooling, and thence to the delivery headers for re-distribution 
to the insulated spaces. The freezing brine is cooled by direct circulation through an evaporator, 
but the chilling brine for higher temperature chambers may be cooled in a separate evaporator, 
or it may be maintained at the required temperature by the injection of freezing brine into 
the return ebilling brine, when it is cireulated without passing through an evaporator. In the 
larger installations this system has been largely superseded by the closed brine system, which 
although rather more complicated, has advantages over the open system. 


In the closed system internal corrosion is almost entirely eliminated owing to the absence of 
air. The chief difference in the closed system (Fig. 8) is in the arrangement for returning the 
brine from the chambers, which is led into closed headers instead of an open tank, the freezing 
and chilling of the brine being effected by cross connections between their respective headers. In 
vessels carrying chilled cargoes, the chilling brine may be maintained at its required temperature 
by direct cooling in a separate evaporator, or by injecting the freezing brine into the chilling 
brine, when the latter does not pass through an evaporator. Where chilled goods comprise a 
large proportion of regular cargoes, a separate evaporator is used for the chilling brine, owing to 
the greater efficiency to be derived from the higher pressure of evaporation. In many of the 
larger installations four different temperatures of brine are available, freezing, chilling, 
intermediate chilling and thawing, and these may be pumped to and from any brine circuit. 
Two evaporators are sometimes provided to each machine, so that a complete cireuit ean be 
used for freezing brine and one for chilling brine. The chilling brine is pumped from the two 
evaporators to delivery headers, through the requisite cireuits in the chambers, and passes 
through the return headers to the evaporators for re-cooling. 


Alternatively, chilling temperatures can be maintained by the injection method, in which 
the chilling brine is not returned through the evaporator but is by-passed to the chilling pump 
suction line, where it receives an injection from the freezing brine main, sufficient to reduce 
it to the required temperature for delivery to the brine cireuits. The quantity of freezing brine 
injection is regulated by valves which ean be finely adjusted. The surplus brine in the chilling 
circuit, due to the injection of brine from the freezing cireuit, is delivered to the brine expansion 
tank always provided in the elosed system. This tank is situated well above any other part of 
the brine system. The surplus brine returns to the evaporators to be re-cooled. The headers 
are fitted with cocks in such a manner that either freezing, chilling or thawing brine may be 
pumped to or from any brine cireuit. The brine leads are connected to multiway selection 
cocks, those for the return headers having volume control valves and thermometers fitted, while 
the delivery headers have plain three-way selection cocks. 
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In the closed system, the brine flow cannot be seen and the necessary flow has to be effected 
by noting the temperatures on the return thermometers. Provision is made for testing the flow 
by an extra header on the return side, which will deliver the return brine from any cireuit into 
an open sighting tank. This arrangement is only used when it is suspected that a particular 
cireuit has become choked. This extra header is arranged, so that the brine can be pumped 
through the system in the reverse direction to clear a choke. It is undersirable to have water 
lying about an insulated chamber, so, thawing the frost and ice off the brine pipes after a cargo 
has been discharged should be done as quickly as possible to prevent drip. When warm 
brine is passed through the pipes the accumulated frost and ice cracks off and drops to the 
floor, which has been previously covered with saw-dust. This should be swept up immediately 
and removed from the chamber. The thawing brine is passed through a brine heater, which 
may have a steam coil or electric elements. The heater should be capable of raising the 
temperature of the brine to at least 180°F., for the purpose of thawing the evaporators, when 
it is necessary to clean accumulated oil from inside the coils. 


Cooling Systems. Brine Grid System.—Brine piping in the insulated spaces is arranged 
in several sections except in small chambers up to about 1,000 cubic feet, which are sometimes 
arranged in only one section. The roof grids of piping are generally arranged in a separate 
section or sections from those on the sides, and each section can be shut off as required. The 
maximum length of any section does not usually exceed about 12,000 feet, and the circuits are 
arranged in lengths as nearly equal as possible, which simplifies the control of temperatures 
in the spaces. 


The brine grids are made from solid drawn steel piping, generally 14 in. bore and 7S.W.G. 
in thickness. They are made in the workshops, and the various lengths which make up a grid 
are butt welded together by the electric resistance method. The terminal ends of the grids are 
serewed, and they are connected by means of heavy iron ferrules 24 ins. long with a back nut 
at each end, slightly countersunk to receive grummets steeped in paint. The terminal ends 
are serewed 3 ins. for jointing, and this figure is adhered to throughout, so that the extent of 
thread under the screwed ferrule can be ascertained after the joints are made. The pipe ends 
should butt together and should be carefully arranged to be at mid-length of the ferrule. The 
exposed portions of the threads are painted with a protective coating, such as gold size and red 
lead. All joints should be thoroughly tight, and it is important that the brine piping be 
examined when covered with frost before loading cargo, as leaks can then be detected by a 
yellow stain. In some eases the ends of the grids have been joined by electric are welding, 
but it is difficult to do this efficiently in positions where the pipes are close up to the sides or 
root of the chamber. 


Hatch Grids.—Portable brine grids are placed in the hatchways after loading is completed, 
and these are connected to brine cocks permanently fixed in recesses let into the sides of the 
hatch coaming. It is most important that the joints between the hatch cocks and the grids be 
carefully made and tested, as much damage to cargo can be done through brine leakage at 
these points. 


Hangers for Brine Piping.—The securing of the brine pipes should be substantial and 
secure, particularly with overhead grids. In spaces arranged for the carriage of chilled meat, 
galvanised bent double clips are fitted, each clip taking a brine pipe and meat rail. In spaces 
fitted for frozen produce and other refrigerated produce or fruit, the overhead brine pipes are 
supported by flat galvanised iron straps or shallow inverted channels. It is important that 
hanger bolts be used to support the clips or straps, and that these should be bolted to the 
deck beams. Overhead grids and meat rails should never be seeured by coach screws in the 
wood grounds, as dry rot in the grounds might cause the collapse of hanging cargo and/or 
grids. The sections of piping are interlaced in such a manner that in the event of it being 
necessary to shut off one or more sections in a chamber, the remaining sections will keep the 
temperature steady and reasonably even at all parts of the chamber. The flow and return 
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pipes connecting the grids to the control headers are generally 1} ins. bore and 6 S.W.G. in 
thickness, and they are led in nests through the various spaces. Whenever possible they are 
arranged not more than two pipes deep to facilitate access for inspection and renewal. Where 
the pipes pass through water-tight bulkheads or decks, they are fitted with water-tight and 
fire-proof glands as illustrated in Fig. 9. 

Air Battery Systems.—Previous to 1925, refrigerated vessels were equipped with the brine 
grid system primarily for the carriage of frozen and chilled meat. Exceptions were those 
vessels specially designed for banana cargoes, which were cooled by the air battery system. The 
enormous increase in the fruit trade in succeeding years promoted a great deal of scientific 
investigation, and as a result the air battery system is now employed for all fruit carrying 
vessels. In the earlier air batteries using either direct expansion or brine, the piping was 
arranged in long grids and the air flow passed longitudinally between them. The heat transfer 
in this type was not good, and when used for temperatures below freezing point the grids soon 
became choked with frost at the air inlet, and so restricted the area of flow. 


The modern battery has closely pitched vertical grids at right angles to the direction of 
air flow. This design gives improved pipe service efficiency, and with temperatures below 
freezing point frost forms evenly throughout the pipes and consequently the cooler can be run 
for longer-periods without de-frosting. The cooler tubes are generally of solid drawn steel 
1}ins. bore and 7 S.W.G. in thickness, bent at the ends in hairpin form, and the various 
lengths butt welded electrically into grids, which are generally nested with the bends horizontal 
(Fig. 10.) In eases where the air delivery to the duct system is in a vertieal direction, the 
erids are nested with the bends vertical (Fig. 11) and baffles are so arranged as to give several 
passes of air over the grids vertically. 


Bach successive grid is staggered relatively to the preceding one, forming a triangular 
pitch. The grids are built into a compact unit and eneased at the sides, top and bottom, by 
means of welded and jointed sheet steel plating made air-tight. The casing below the grids is 
arranged in the form of a water-tight tray, for the collection of water from the thawing of 
the frost, which is drained through a suitable valve or sealing arrangement. Each cooler has 
at least two independent sections in order to regulate the temperature of the air, and they are 
usually arranged on the three temperature brine system. Brine heaters are provided for thawing 
off the frost as in the case of the brine grid system of cooling. In recent installations the 
tendency to employ a separate cooling battery and fan for each space is increasing, as with this 
arrangement it is possible to operate spaces at different temperatures and rates of air cireulation 
to suit a variety of foodstuffs where mixed cargoes are being carried. 

Systems of Air Circulation.—Many arrangements of air circulation have been used, but 
only a few of those most commonly adopted can be mentioned. 

Screen Trunk System.—I*ig. 12 shows an arrangement where the air is cireulated by a fan 
over side and bulkhead brine grids, which are enclosed in wood screens the full depth of the 
chamber, forming suction and delivery trunks. Rectangular openings about 6 ins. X 5 ins., in 
the screens, distribute the air across the chamber through the goods. These openings ean be 
adjusted if necessary afterwards, to ensure uniform distribution, and deflectors are fitted in the 
ducts, at corners where they branch in another direction, to prevent eddying and resistance 
to air flow. Cargo battens 2 ins. X 2ins. in section are fixed vertically to the screens, and 
arranged to be clear of the air openings. The same principle has been used where the openings 
are placed only in the bulkhead sereens, and the air circulated through the chamber in a fore 
and aft direction. The side sereens form closed trunks, and the air being delivered through 
these and over the side grids, is cooled on its way to the delivery bulkhead trunk. Cargo 
battens are fixed horizontally to the sereens with this arrangement. 


Gyratory System.—In ‘tween deck chambers which have trunked hatches, the air circulation 
is sometimes arranged on the gyratory system. (Fig. 13.) In this system the cooler and far 
are placed close to the aft bulkhead, and a divisional screen between this bulkhead and the 
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hateh trunk separates the delivery air from the suction. The air passes completely round the 
space. With this arrangement there are no trunks along the sides of the chamber to encroach 
upon cargo space. The fans are usually of the reversible type, so that the direction of air flow 
can be reversed to ensure more uniform cooling. These systems of air cireulation have been 
considered satisfactory, but considerable developments have taken place in the past three years 
after much experimental work. 


Vertical Air System.—It is now considered that better distribution of the air flow and 
more uniform temperatures can be obtained by the provision of branch ducts in the overheading 
between the beams, the air being sprayed vertically downwards over the cargo. With this 
method the path of the air through the cargo is considerably shortened, and so the mean air 
temperature and the mean cargo temperature are much closer than with the horizontal air flow. 


In the vertical system illustrated in Fig. 14, two batteries with a common fan between 
them are placed against a bulkhead at one end of the space, and main delivery and suction 
trunks run across the bulkhead from the coolers and continue along the ship’s sides, the 
delivery ducts being superimposed upon the suction ducts. Shallow branch delivery ducts 
made from galvanised sheet steel are inset in the insulation between every second or third pair 
of deck beams, and these are fed from the main side trunk. At least 6 ins. of insulation is left 
between these branch ducts and the deck plating. The air is discharged downwards through 
holes about 3 ins. in diameter, cut in the undersides of the ducts, and a certain amount of air 
is also discharged horizontally through similar holes in the top of the side trunks. The suction 
ports are placed at the bottom of the suction duct at the floor level. Where longitudinal 
girders at hatch sides project below the level of the main delivery ducts, smaller branch ducts 
or tubes about 3 ins. bore are led from the roof trunks through the girders at intervals, to cool 
the space under the area of the hatch. 

In one of the most recent arrangements of air circulation, a suction trunk of rectangular 
section is arranged on each side of the chamber at the ship’s side, immediately under the 
overhead insulation, and each of these communicates over its full length with a false side 
running parallel to and about 3 ins. from the face of the ship’s side insulation. The lower 
edges of the false sides run two or three inches clear of the floor level, the return air passing 
between the grounds which support the false sides. Perforated delivery trunks are arranged 
longitudinally on the roof of the chamber. It is claimed that an advantage is gained through 
the immediate extraction of the heat leakage from the ship’s side by the suction air passing 
through the false side to the coolers. During the loading of a cargo of refrigerated goods in 
air cooled spaces, the dock workers refuse to work while the cold air is being circulated, and in 
order to maintain a reasonably low temperature in these spaces while the hatches are open, a 
certain number of brine grids are provided on the roof. 

Another interesting provision for this purpose which has been fitted in several large 
refrigerated vessels is the closed air system. The trunks in this system are made of galvanised 
sheet steel, one trunk forming a belt along each side of the chamber and across the bulkheads, 
and two trunks running fore and aft on the roof. The trunks are shallow, but of considerable 
breadth to present a reasonable cooling surface. Low temperature air is circulated through 
these closed trunks, to maintain a reasonably low temperature during the loading period. In 
many installations each space is provided with its own independent cooling arrangement, that 
is, a separate cooler and system of air ducts, which permits of various types of cargo being 
loaded without any special preparation of the space to receive it. This arrangement, which is 
ideal from an efficiency point of view, is not always the most economical to the shipowner, 
depending upon the particular trade in which the ship is engaged. 

Air Changing.—Where fruit cargoes are carried the air is changed periodically as required, 
by operating the fan and air ducts to withdraw gases generated by the fruit, and to inject 
fresh air from the atmosphere. The fresh air is admitted through a small ventilator in the 
suction trunk, and mixes with the return air from the chamber. A similar ventilator in the 
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delivery trunk permits a percentage of the mixed air to pass to the outside atmosphere. The 
changing of the air in this way is gradual, which eliminates the risk of introducing moisture to 
the cargo. In some installations the fresh air is passed through a special pre-cooler which 
extracts the moisture from it before entering the fruit space for freshening up purposes. 


Cooler Fans.—The axial flow fan is now generally adopted in marine installations. These 
fans are designed as a result of aerodynamical research, and high efficiencies are claimed. The 
energy expanded by a fan due to the cireulation of air is transferred into heat, which is 
carried into the chamber by the air stream, and so increases the duty required from the 
refrigerating machinery. It is claimed that the heat generated from the axial flow fan is 
nearly 50 per cent less than that generated by other older types. The axial fan has a number of 
short radial blades on a large hub which is mounted on the motor spindle, and the whole unit 
is fixed centrally in a eylindrical casing by radial stays. The motor is streamlined and the 
blades of the fan just clear the periphery of the casing. (Fig. 15.) 


The comparatively large inlet and outlet areas of the axial fan, and consequent low velocity 
head, permit of simple connections to the cooler or to the suction and delivery ducts. This is 
a matter of considerable importance, as the air stream passes over the whole cooler surface, 
which is thereby utilised to the fullest extent. The fans are made reversible, which assists in 
maintaining a more uniform temperature through the entire cargo. The axial type of fan can 
be fitted in a horizontal, inclined or vertical position and so form an integral part of the 
existing trunking, which in many eases leads to a saving in valuable cargo space. 


INSULATION AND FITTINGS. 


If the refrigerated spaces of a vessel could be equipped with a perfect insulation, and 
then cooled to the desired temperature, they would remain at that temperature indefinitely 
without further refrigeration. This of course is unattainable, but great savings in the 
refrigeration necessary can be effected by careful arranging of the insulation, and by the 
use of insulating material of a low conduetivity value. Within recent years increasing 
attention has been directed to the importance of detail in the construction and fitting of 
insulation, in order to prevent heat leakage from the many metallic projections directly or 
indirectly connected with the structure of the vessel. Various insulating materials have been 
used from time to time, but for many years cork, either granulated or in slab form, has been 
almost universally used for ship’s chambers, with the exception of silicate cotton or slag wool, 
which is still used for surfaces which are required to be insulated with fire-proof material. 


The ideal insulator would consist of an assemblage of gas cells enclosed in membranes 
impervious to moisture. The desirable properties of an insulator are :— 
That it should be moisture proof. 
Freedom from odours which might cause tainting of foodstuffs. 
Freedom from rot or mould. 
That it should be vermin proof. 
That it should be non-inflammable or at least slow burning. 
Low specific gravity. 


Cork, in the main, fulfills all these requirements. Cork, placed under the microscope, is 
seen to be made up of innumerable minute cells. Each of these cells contains imprisoned air, 
and each is hermetically sealed by nature. This peculiar cellular structure of cork accounts for 
its low heat conductivity and its durability. Granulated cork predominates as an insulator, but 
a great deal of slab cork is used, particularly in ’tween deck spaces where the surfaces are 
relatively flat, which facilitates the fitting of the slabs. Granulated cork is manufactured in 
various grades and sizes. The usual size of the granules is that which passes over a sereen 
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with .°s in. round holes, and goes through a sereen with 2 in. round holes, and it is packed to 
give an approximate weight of six to seven pounds per cubic foot. There are various methods 
adopted in the manufacture of slab cork. In one, claimed to be the best, the cork is broken 
up and chipped in an iron mill, and poured into iron moulds the desired shape of the slab, 
generally measuring 3 ft.x 1ft. The cork is subjected to heavy pressure and run into an oven 
kept at about 800 to 900 degrees Fahrenheit. The slab moulds are drawn through the oven on an 
endless chain, which runs at a speed to keep the cork in just long enough for the resin in the 
cork to exude, and bind the granules together. The cork is also charred in the process, thereby 
converting it into a carbonised cellulose, which makes it an excellent insulating material. 
Compressed slab cork weighs from 8 to 14 lbs. per eubie foot which, it will be observed, is much 
heavier than granulated cork when packed, but its thermal conductivity being lower, the 
thickness can be considerably less, amounting to 15 to 16 per cent. 


Silicate cotton, being of a fibrous nature, is dependent upon the air content entrapped 
between its closely matted and interlaced fibres for its insulating property. These air spaces 
are not independent of each other, so when moisture comes into contact with this material, it 
is readily communicated by capillary attraction and gravity from one air space to another, 
and so its insulating property is destroyed or seriously impaired. Silicate cotton is manufactured 
by melting various rocks or slags in a cupola and when the fluid mass is flowing from the 
furnace it is impinged upon by jets of high pressure superheated steam which blows it into 
minute molten globules. These globules are directed into a chamber, and in passing through the 
air leave long fine threads behind, which become interlaced. Some of these globules solidify 
before expending themselves entirely and these are termed “shot,” being about the size of fine 
shot. Silicate cotton used for insulating purposes should be fairly free from “shot’’ which 
depreciatés its insulating value. Silicate cotton is packed to a density of 12 to 13 lbs. per 
eubie foot. Beside being used for surfaces which require a fire-proof insulation, it is used for 
filling in at the top of vertical surfaces which are inswiated with granulated cork. 

A considerable amount of wood must necessarily be used in the construction of insulating 
linings of chambers. Wood grounds are fixed to the frames, deck beams, girders, bulkhead 
stiffeners and other projections, by means of which the insulation is held in position, but wood 
must not be regarded as an insulator, and so the quantity used should be as small as possible 
compatible with strength. 


The following table shows the thermal conductivity values for the materials generally used 
in the insulating linings of the chambers, and the difference between the values of the insulating 
materials and those of the other materials will be noted. 


Thermal conductivity 
BTUs per sq. ft. per hour 
MATERTAL, for 1 in. thickness and for 
1°F, difference in temperature. 


Granulated cork packed 6-5 lbs. per cubic ft. He ee 29 
Granulated cork packed 7:3 Ibs. per cubic ft. nt a 31 

Slab cork, baked ; 3 a Ee ie 28 
Slab cork with bituminous binder . eee — 35 
Silicate cotton packed 15 Ibs. De cubic ft. ... SAC re 29 
Wood, white pine itis Ary x ie a ‘784 
Wood, pitch pine aS ay Ser + i oh 1.05 
Bitumen composition ... 53 *~ eed és bs 58 

Facing cement for cork slabs . sis ie A: or x 1-10 


Portland cement ee me ii wits 5a ee 2.06 
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Careful consideration should be given to the number and disposition of the chambers to be 
insulated, so as to ensure the most compact arrangement possible which will give the greatest 
cubic capacity in relation to the exposed surface. Excluding the work of cooling and 
maintaining the cargo at the necessary temperatures, the refrigeration required to eliminate 
the heat leakage from the outside into the refrigerated chambers is directly proportional to the 
exposed surface, and to the efficiency of the insulation. 


The greater the eubie capacity in relation to the insulated surfaces, the less refrigeration 
will be required. This is due to the fact that the proportion of total heat conducting surface 
to the cubie capacity of the cargo space becomes less as the cubic capacity increases. This 
ratio varies considerably with the type of vessel and the arrangements of chambers to suit 
trading conditions. The following eases illustrate this point :— 


, Capacity Exposed Surface Cubic ft. Capacity per 
Tene Bpane. cubic ft. square ft. square ft. Surface. 
‘Tween Deck Os ae a 25,000 9,882 2:53 
Lower Hold ... nip wae ree 60,000 12,250 49 
‘Tween Deck and Lower Hold... 85,000 14,225 5-97 
Completely insulated ship... aa 436,500 60,800 7-18 


——_ 


The total heat leakage into the insulated spaces of a vessel cannot be calculated with any 
accuracy, owing to the number of steel projections in the structure of the ship, such as frames, 
deck beams, bulkhead stiffeners, pillars, ventilators, ete. The amount of heat transmitted by 
each of these projections varies, according to its surface and the amount of insulating material 
with which they ean be covered. A considerable amount of heat flow takes place from exposed 
steel decks, the temperature gradient falling away from the ship’s side to the centre line. Steel 
decks are generally insulated on the underside only, but in a number of recent installations the 
upper side of the deck plating has also been insulated with from one to three inches of slab 
cork. Insulation on the floor of a chamber, however, seriously reduces the available cargo 
space. Sometimes ribbands of insulation are fitted on top of the deck plating around the 
periphery of the deck, so as to arrest a certain amount of the heat conducted from the 
structure of the vessel. 


In the erection of any type of insulating material, it is important that no voids be left to 
create “hot spots” on the surface of the insulation, which might cause damage to produce stowed 
in close proximity to them. Where granulated cork and wood linings are fitted, the cork sher'd 
be well rammed into place after every four or five lining boards are fixed. When slab cork is 
fitted in several layers, the joints between the edges of the slabs of one layer should break with 
the joints of sueceeding layers, as a precaution against the free passage of air from the warm 
exterior, should the joints be ineffectively sealed, and to obtain maximum structural strength. 
The materials used in the construction of the insulation should be of good quality, and 
the workmanship should be carefully executed throughout. Pitch pine coamings, framings of 
hatches and bearers should be made from good sound timber, free from shakes and other 
imperfections. Linings, which are generally of white pine, should be quite dry, free from 
shakes and reasonably free from knots. All timber should be protected from the weather before 
and during erection. The timber used for linings and grounds is very often treated by some 
suitable process, as a preventative against dry rot. 
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Tank Tops.—Fig. 16 illustrates a typical method of insulating a double bottom tank top 
with granulated cork, where fuel oil is carried in the double bottom. The tank top plating is 
either painted or, as is more generally the case, coated with bitumastic. Wood battens 2 ins. 
thick are laid on the tank top athwartship, spaced one over each floor and one midway between, 
to maintain an air space for drainage to the bilges in case of oil leakage from the plate seams. 
These are covered by tongued and grooved boards # in. or 1 in. thick, to form the bottom lining 
of the insulation. On this, 7in. x 2 in. grounds are laid athwartship immediately above the 
2 in, battens and spaced about 15 ins. apart. Under the hatehways they are spaced about 12 ins. 
apart, to give added strength to resist blows from the cargo during loading. The grounds are 
covered, generally with two linings of 1 in. and 14 in. tongued and grooved boards. An 
additional ceiling of elm or other hard wood 2 ins. thick is laid under the hatehways and 2 ft. 
beyond all round, as a protection against damage by cargo landed under the hateh. 


The 7 in. space between the top and bottom linings is filled with granulated cork. The 
bilges are covered with wooden ceiling about 2hins. thick and the insulation and linings 
arranged on top, as already described. The outstanding feature of this part of the insulated 
structure is the absence of protruding steel work. In cases where water only is earried in the 
double bottom tanks, the 2 in. air space is dispensed with and the 7 in. x 2in. grounds would 
be laid directly on the plating. Fig. 17 illustrates a double bottom oil fuel tank top insulated 
with slab cork. In the ease illustrated, the tank top plating is coated with $ in. of bituminous 
enamel in addition to the 2in. air space. The 2 in. battens are covered with three-ply roofing 
felt, wpon which the cork slabs are laid. The slabs are set together with hot bitumen, and the 
joints of the two layers are arranged to break with each other. 

The slab cork used for insulating tank tops is generally of a higher density than for 
vertical surfaces, to give added resistance to blows during the loading of cargo. The weight 
of these slabs is from 11 to 14 lbs. The tank manhole plug shown is packed with granulated 
cork, and the wood frames and plugs are generally made of pitch pine. A substantial 
galvanised ring bolt is fitted through the plug for lifting purposes. 

Bilge Limbers.—The tank top insulation is continued across the limbers on 24 in. wood 
ceiling, and pitch pine levelled coamings are fitted and firmly bolted to the closing plates or 
gusset plates to form the framing for the limber plugs. Limber plugs are fitted the full 
length of the hold, to permit of the bilges being thoroughly cleaned and ventilated after a 
cargo has been discharged, and for examination of the bilge suction strainers. These plugs, 
which are generally subjected to rough handling, are rigidly constructed of pitch pine, and 
they are packed with granulated cork. Substantial galvanised ring bolts are fitted through the 
plugs for lifting them out of place. 

Tunnel.—Doublings of 2 in. hardwood, such as elm, are fitted in way of the hatechways, and 
for 2 ft. beyond where the tunnel top is a flat. Where the tunnel top is dome-shaped, hardwood 
battens 3 in. x 3in. are fitted around the top. The doublings are caulked and payed, and the 
insulation is made portable in way of the plates over the opening for the removal of the 
propeller tail shaft. 

Ship’s Sides.—The thickness of the insulation on the ship’s side is largely determined by 
the depth of the frames. In the design of ships intended for the carriage of refrigerated 
cargoes much can be done in the construction and arrangement of the steel work by avoiding 
as far as possible the use of heavy web frames, deep beam knees, ete., which break up the 
hold space and increase the heat conducting surfaces. The inner edges of the frames should 
have at least lin, of insulating material between them and the linings, and preferably 2 ins. or 
Zins. to ensure reasonable protection at these heat conducting surfaces. This is a very 
important consideration, especially where channel frames or reverse frames are fitted. The 
frames may be spaced about 30 ins. apart, and the faces of the frames may be 3 ins. or more in 
breadth, so that these projections amount to about 10 per cent of the whole surface of the 
ship’s side. As the faces of the frames can only be covered with about 1in. or 2 ins. of 


13 


insulating material, and in some eases less, the leakage of heat is considerably increased at these 
spots. Figs. 18 and 19 illustrate typical methods of insulating a ship’s side with granulated 
cork. The insulation is fitted direetly upon the shell plating, and is lined on the inside with 
1 in. tongued and grooved boarding secured to wood grounds 2 ins. thick, bolted to the frames. 


Some shipowners prefer to fit double linings, as shown in Fig. 19, to give added strength to 
the insulation. A layer of waterproof paper is sometimes placed between double linings to 
prevent the passage of air between them, but this has frequently been contributory to the 
development of dry rot through lack of ventilation to the inner lining, and in view of this it 
is considered by most to be inadvisable. 


An interesting method of lining the insulation on ship’s sides, bulkheads and overheading, 
and. known as the “Panel” System, is shown in Fig. 20. A wood ground is secured by bolts to 
the face of each frame, beam and bulkhead stiffener, and specially shaped grounds are bolted 
to the faces of these at regular spacing. Single wood linings of lin. tongued and grooved 
boards, cut to the required length and having square ends, are fitted in panels, and placed 
at one end ina groove formed in the shaped ground, and at the other end against a 
shoulder formed on the opposite side of the next shaped ground. When the boards 
are in place a wood capping piece covering the free ends is secured to the ground by 
galvanised nails. This arrangement facilitates access to the ship’s structure for repairs, as the 
lining boards can easily be removed and replaced. The sketch shows the frame and reverse 
angle insulated from the wood lining by strips of slab cork, an important feature referred 
to previously. Fig. 21 shows a section of a ship’s side insulated with slab cork. It will be 
seen that a considerable amount of fitting is involved, which adds materially to the cost, but 
this is considered to be offset by the added efficiency and durability of slab cork. In this case 
the cork slabs are lined with a special hard setting cement which is trowelled to a smooth 
finish. Galvanised wire netting is generally incorporated in the cement, to give it added strength 
and to prevent cracking. The slabs are set together with odourless bituminous cement, skewered 
together with hickory or cane skewers, and nailed to the wood grounds. All nails used in 
insulation work should be galvanised. 


Where granulated cork is used, the spaces between the frames at the ‘tween deck plating are 
frequently filled in with slab cork 3 ins. or, 4 ins. thick, and sealed with bitumen, to prevent 
free passage of air between the upper and lower spaces. Beam knees, stringers and stringer 
brackets, being heat conducting projections, should be efficiently insulated on their edges. 


Bulkheads.—The insulation of bulkheads is arranged in a similar manner to that of the 
ship’s side, the wood grounds being bolted to the stiffeners. The thickness of insulation on 
intermediate bulkheads which divide two insulated holds is governed largely by the depth of 
the stiffeners, and it need not be so heavy as that of the ship's side or terminal bulkheads such 
as fore peak, after peak, engine room and bunker bulkheads. Figs. 22, 23 and 24 show typical 
sections of the insulation on terminal and intermediate bulkheads. Where an insulated hold 
terminates at a bunker, stokehold or engine room bulkhead, the insulating material should be 
fireproof and, as already mentioned, silicate cotton is almost exclusively used for this purpose. 
In the case of bunker bulkheads, the wood grounds should be insulated from the stiffeners to 
which they are fixed, by asbestos millboard of greater area than the ground and 4} in. thick, to 
prevent any charring of the wood grounds should the bulkhead stiffeners become unduly heated. 


Internal bulkheads are sometimes fitted in “tween deck spaces to subdivide these spaces inte 
two or more chambers. These bulkheads or divisions are generally constructed with substantial 
wood framing, which must be carefully and securely jointed to the deck, overheading and sides. 
They ean be made reasonably airtight, but chambers divided by such bulkheads should not be 
used for cargoes of dissimilar nature, which are liable to contaminate each other. Figs. 25 and 
26 show typical sections of internal bulkheads, insulated with granulated cork and slab cork 
respectively. 
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Decks.—<As previously mentioned, decks are usually insulated on the underside rather than 
on the top because of the saving of space. Where a ‘tween deck space is insulated, but not the 
hold below, the same arrangement is carried out, but it is even more important in this case that 
all beam knees, brackets, girders and other projections under the deck, should be carefully and 
efficiently insulated. 


Fig. 27 shows a section of deck insulation with the hanger bolts for the overhead brine 
piping. Note the strip of slab cork between the beam and the wood lining, also the insulating ° 
washers and ferrule on the bolt which secures the hanger bolt to the deck beam. <A great deal 
of heat conductivity is prevented by fitting these washers and ferrules which are usually made 
of wood fibre. Where chilled meat cargoes are carried, the hanger bolts also support the meat 
rails, from which the quarters of meat are hung by means of metal hooks, and it is very important 
that the bolting should be insulated from the ship’s structure. Cases of bad meat, through what 
is known in the trade as “bone stink,” have been traced to the leakage of heat, where direct 
metallic contact has existed between the meat rails and the deck beams. To reduce the number 
of hanger bolts, each bolt secures a double support which takes a brine pipe and meat rail. 
It is important that no direct conductivity should take place between the two, as the brine is at 
a considerably lower temperature than the minimum temperature permissible in the beef. With 
direct conductivity, crystals of ice may be formed in the tissues which would impair the market 
value of the beef as chilled beef. In order to prevent conductivity taking place, insulating 
material such as sheet rubber or a composition is placed between the support and the brine pipe. 


Hatches.—Fiig. 28 shows a section through the hatch of an insulated weather deck. The 
coamings which support the insulated plug hatches are made of pitch pine, and they are made 
water-tight by caulking the joints between the steel coaming and wood coaming. Similar pitch 
pine bevels are fitted to the hatch bridle webs, and these are treated in the same manner. Fore 
and aft bevelled bearers of pitch pine are fitted between the coaming and bridle beams. These 
have galvanised steel shoes on the ends, which fit into galvanised bearer sockets let in flush 
with the surface of the coamings. The bearers and coamings generally have a taper of 1 in 3 
and they are about 6 ins. thick at the bottom of the bevel. Galvanised iron protection plates, 
«in. thick, are fitted in one piece completely round the hatch bridle webs and over all 
coamings as a protection against the chafing of cargo wires and general wear and tear. The 
plates are fixed by numerous countersunk galvanised iron screws. The insulated taper hatches 
are strongly framed in piteh pine and closely fitted to the coamings and bearers. They are 
generally filled with granulated cork in preference to slab cork, to keep their weight down for 
easier handling. 


Hatch Trunks.—In completely insulated ships, the hatchways in each deck are utilised 
for the carriage of refrigerated cargo, and these spaces are isolated from the ‘tween deck space 
by an insulated trunk, constructed of substantial wood framing. Cargo openings and insulated 
doors are fitted to the sides for access to the tween deck space. Heavy pitch pine bevelled 
coamings are fitted around the cargo openings, and insulated plug doors are fitted to these, 
having substantial galvanised hinges and fittings for drawing them into place. The doors have 
a groove cut all round the edge, into which is fitted a gasket to ensure airtightness. A galvanised 
plate, +%; in. thick, is fitted over the sills of the doors, as a protection against wear and tear 
by traffic. At all junctions of insulation such as deckheads, bulkheads and girders, 2 in. x 2 in. 
wood fillets are fitted to eliminate corners and facilitate cleaning. 


Insulated Fittings.—Pillars and ventilators passing through insulated spaces should be 
efficiently insulated, and protected with strong linings, but the insulating material need not be 
so thick as that on the outer surfaces of the space. Generally the thickness is from 4 ins. to 6 ins. 
The insulation around pillar feet should be made portable for the examination of their 
connections. Sounding pipes, tank air pipes or water pipes which pass down the ship’s side 
or bulkheads should be carefully covered with insulation at least 6 ins. in thickness. 
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Cargo Battens.—All vacant spaces on the sides and bulkheads have wood battens, 
2in. x 2 ins. in section, fixed vertically in the case of brine grid cooling systems, and in forced 
air circulation systems where the air is blown across the chamber. Where the air is blown 
through the chamber in a fore and aft direction, the battens are fixed horizontally. The 
purpose of cargo battens is to ensure free circulation of air between the cargo and the insulation 
linings. In recent installations where the air is blown downwards from duets in the roofing, it 
has not been considered necessary to fit battens on the sides, and cased fruit has been carried 
very successfully in this manner. 


Thermometer Tubes.—The ordinary thermometer, known as the “drop thermometer,” is still 
considered to be the most reliable method of recording the temperatures of the refrigerated 
spaces. Galvanised wrought iron tubes, having a minimum bore of 2 ins. and about 6 gauge in 
thickness, are run vertically through the various decks in groups of two or three, or singly as 
may be required. The tubes terminate at their upper ends a few inches above the overhead 
deck plating of the uppermost space, which in fully insulated vessels is generally the weather 
deck. A hardwood pad is fitted around the tube ends and made water-tight to the deck plating, 
and the ends are mounted with screwed brass sockets and eaps, let into and jointed to the pad. 
The thermometers are suspended in the tubes by strong cords attached to the screwed cap. 


In some eases the ends of the tubes have been enclosed in a steel box welded to the deck 
plating. 

The bottom length of each tube in its particular chamber is perforated to permit a 
free circulation of air to the thermometer. In another arrangement commonly used, the tube 
terminates 12 ins. below the deckhead insulation of its particular chamber, and from there is 
continued with a slotted wood extension of rigid construction. Where the tubes pass through 
other chambers they are eased in with wood, and insulated to prevent the thermometer being 
affected by varying temperatures which may be carried in these chambers. Holes cut through 
the intermediate steel decks are drilled at least }in. greater in diameter than the outer 
diameter of the tubes, and wood chocks are fitted closely to the tubes above the deck, and 
fixed so as to maintain the tubes out of direct contact with the steel decks through which 
they pass. This precaution is taken to prevent the formation of ice inside the tube when 
freezing and chilling chambers are adjacent to each other. 


It is usual to fit three thermometer tubes on each side of tween deck and hold spaces when 
these spaces are not subdivided, and their positions should be such that a good average 
measurement of the temperatures throughout the spaces can be made. When ’tween decks are 
subdivided into small chambers, and it is not practicable to fit vertical tubes through the 
overheading, short horizontal tubes are fitted through the walls of the chambers in the handling 
space or corridor. Electrical distance thermometers are sometimes fitted, which enables the 
engineer to check the temperatures of the spaces at the engine room. These thermometers, 
however, have not been found sufficiently reliable to warrant the elimination of tubes and drop 
themometers. 


Draining Arrangements.—Drains are fitted to each chamber and are led down to their 
particular hold bilge. Each drain should have a liquid seal fitted immediately below the inlet 
strainer, to prevent any odour which may be present in the bilge from entering the chamber. 
The seal is filled with a liquid—generally brine—which will not freeze at any temperature that 
may be carried in the chamber. Drains from lower holds to their bilges should, in addition to 
a liquid seal, have a non-return valve fitted to prevent water rising into the hold, should the 
bilges become flooded. 


Periodical Surveys of Insulated Spaces——Where the insulating material is of a granular or 
fibrous nature, the principal conditions to be ascertained are fullness and dryness. Such 
materials are liable to settle down through the vibration in the ship’s structure, and special 
attention should be given during inspection to the top of the vertical surfaces where voids in 
the insulation may be found. Holes about 1}ins. in diameter are bored at selected intervals 
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for testing, and afterwards filled with wooden tapered plugs driven in tightly. A packing screw 
is a useful tool for testing, by probing the insulation in different directions, and small samples 
of the insulating material can be withdrawn by the screw for examination. 


Moisture is most commonly found at the junction of the ship’s side and bulkheads, probably 
due to condensation, and it is invariably found in the locality of brine leads due to the 
difference of temperatures. Particular attention should be given to the insulation under weather 
decks, the presence of moisture generally indicating leakage through the seams of the deck 
plating. When the insulation is found to be wet over a considerable area it should be removed 
and replaced with dry material. In the case of wet insulation around brine leads, it is not 
generally considered necessary that it should be renewed, as the condition recurs in a very 
short time, and it is not a condition which materially affects the efficiency of the chamber, 
owing to its limited locality. Tank top insulation should be carefully examined for the presence 
of moisture, due to the slopping of water in the bilges, or leakage from the tank top. Where 
the underside of a ‘tween deck chamber is insulated in a general cargo space, special attention 
should be given to the condition of the woodwork, as there is a strong tendency for dry rot to 
take place in the grounds which are bolted to the deck beams, with consequent sagging or 
collapse of the insulation. All overhead insulation should be serutinised for signs of sagging, 
due to this cause. Where sagging is observed, a few of the lining boards should be removed, 
and the grounds and fastenings carefully examined. All woodwork affected by dry rot should 
be replaced with sound timber. Where slab insulation is fitted, and there is no external evidence 
of dampness, it is not necessary to bore test holes. 


Cracks or damage on the cement face of slab insulation should be repaired. Wood battens 
on the sides of the chambers which have been damaged or broken away should be replaced. The 
chambers and the hold bilges should be examined for cleanliness, and the bilge suction strainers 
should be cleared and repaired if necessary. Drains and their seals and the non-return valves 
of lower hold drains should be examined to ascertain that they are clear, and that the non-return 
valves operate freely. Particular attention should be given to the presence of odours in 
refrigerated spaces, such as the odours left by apples, oranges or other citrus cargoes. When 
such odours are detected, steps should be taken to have them removed before loading other 
cargoes which may be taintable. The general and thoroughly effective method of dealing with 
such odours is by the introduction of ozone, but in cases where an ozonising plant is not 
available the spaces should be thoroughly washed down. 


Removal of Odours by Ozone.—The most careful precautions are necessary to eliminate 
any risk of taint, as the most minute crevices can provide the means of communication between 
a cargo liable to produce taint, and a cargo which is susceptible to taint. Parts of the insulation 
and refrigerating appliances which may permit the transfer of odorous gases from one space 
to another are sealed with special paper, ruberoid, marine glue or other impervious materials. 
The insulation and wood fittings in spaces used for fruit cargoes retain some of the odours. 
particularly those produced by citrus fruits. Ventilation by fresh air from the outside 
atmosphere is not effective in the removal of these odours. Ozone is now commonly used as a 
corrective for this condition, and has proved its effectiveness in eliminating these penetrative 
odours. After the cargo has been discharged, a portable ozoniser with circulating fan is placed 
in the chamber, and kept running continuously for several days, its position being changed 
from time to time until all odour has been destroyed. When orange or other citrus fruit 
cargo and meat cargo are carried in chambers which are down the same hatch or adjacent to 
each other, an ozonising unit is installed in the main air duct to the fruit chamber. Ozone is 
circulated with the air whenever possible during the loading period until the fruit is completely 
discharged. In this way the odours are destroyed in the chamber where the fruit is stowed, and 
precludes the possibility of them entering the adjacent spaces containing a taintable cargo. The 
ozone itself has no deleterious effect on cargoes with which it comes in contact. 
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Gas Storage of Chilled Meat.—As a matter of interest it is thought that before concluding 
this paper, some reference should be made to the carriage of chilled meat in an atmosphere 
charged with a percentage of carbon dioxide gas. The use of CO, has undoubtedly been 
responsible for the development of the Australian and New Zealand chilled beef trade, which 
has assumed considerable preportions. The growth of micro-organisms and chemical oxidat'on 
are largely responsible for foodstuffs being spoilt, particularly in fatty substances. Carbon 
dioxide, which has a germicidal action when used in any concentration, delays the growth of 
many bacteria, and will prevent oxidation by the exclusion of oxygen. From experiments 
carried out by The Australian Scientific and Industrial Research Department, and by the Low 
Temperature Research Station at Cambridge, it was found that a 10 per cent concentration o* 
COs, practically prevented the development of moulds on the surfaces of the meat during 
voyages up to 60 days duration. Previously it was considered that chilled meat after being 
21 days on board ship commenced to deteriorate, due to the growth of moulds and other fungi. 


All the new refrigerated vessels recently built for the Australian trade have had chambers 
specially constructed for the carriage of chilled meat with CO, gas. Owing to the heavy losses 
of gas in earlier shipments, the steel structure of these chambers is now welded so as to make the 
compartments gas-tight. Great care has been taken to ensure gas-tightness where thermometer 
tubes and ventilators pass through decks, and special doors or bolted and jointed plates have 
been fitted at the entrances to the chambers. While a 10 per cent concentration of CO, has been 
generally adopted, it is evident that the degree of humidity and the amount of air circulation 
has a considerable influence in the successful transport of chilled meat on long voyages, and it 
has been found beneficial to provide air circulation, which removes dampness from corners, 
effects a better distribution of CO, gas, and gives more uniform temperatures. The air is 
generally delivered through ducts in the overheading in a downward direction. 


It must not be thought that the responsibility of ensuring that chilled meat will be 
delivered free from moulds rests entirely with the ship. Serupulous attention should be given 
at the abattoir to the possiblity of reducing infection before the meat is shipped. During 
slaughter of the animals and dressing, micro-organisms are deposited on the surfaces of the 
careases from many sources. The reduction, as far as possible, of the time which elapses 
between the killing of the animals and the sale of the meat on the Home Markets, the careful 
and hygienie handling of the meat at the factories, its protection from contamination during 
transit, its temperature and general condition when loaded, are amongst the most important 
factors which contribute to the suecessful carriage of chilled meat. 


The use of COs gas in the transport of chilled meat is only a means of combating the 
attack of micro-organisms, from the time of killing until the meat is discharged at the port of 
destination. Chilled meat has been brought to the United Kingdom from Australia in 324 
days without the aid of CO, gas, and has been discharged in excellent condition, free from 
moulds, which proves that, provided the right conditions can be obtained throughout, there 
should be no need to resort to the use of COs gas. 
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DISCUSSION ON Mr. D. GEMMELL’S PAPER 


ON 


Refrigerating Appliances of Ships. 


Dr. S. F.Dorery. 


Mr. Chairman and Gentlemen, when I came here to-night I really did not expect to have 
the honour of being asked to speak on the subjeet, but I have looked through the paper since 
IT arrived, and I think it would be as well if I were to make some remarks. 


In the first place, I weleome this Paper because I am sure it will be found of interest to 
both sides of the house. The Ship Surveying Staff will, no doubt, find considerable interest in 
the illustrations given at the end of the paper in regard to the insulation and the fitting of it, 
which, although probably they may not have to deal with in this country, they are likely, when 
abroad, to have to consider it part of their duties to survey during installation. 


Now I only want to refer to one or two points. First of all, reference has been made 
to the question of the efficiency of the CO, machine when it is operating in_ tropical 
waters. It was, unfortunately, my experience to have something to do with this during three 
years of the War, when I was in a ship that was fitted with a COs plant, and operating in 
tropical waters; we did have diffieulty working at high pressures with leaky glands and, 
of course, the CO, almost entirely in the gaseous state. 


I think it might be as well if the author mentioned or quoted figures for the liquefaction in 
the vicinity of the eritieal temperature so that one could have some idea as to the degree of 
liquefaction that might be necessary and how it is affected by the critical temperature. 


Another point I would like him to give us some knowledge about is in regard to the 
effectiveness of aluminium foil as an insulating material, both from the point of view of land 
and marine installations. In regard to marine installations one can quite appreciate the fact that 
with the rolling and working of the ship, it may be difficult for the insulation to be as effective as it 
could be in a land plant. I think that there are possibilities for its use, but so far as I know 
we have not gone far yet, of course, in our experience under marine conditions. 


Perhaps some people here would also like to ask just what is ozone. An ozone plant is 
mentioned on page 16, and perhaps it may be as well to explain exactly what it is and what it 
does. 


I think another point that might be enlarged upon is the usefulness of cooling down 
tests. It might be claimed that, in the absence of the cargo, it does not indicate the full 
capabilities of the refrigerating machinery. Nevertheless, the cooling down test might not be 
out of place as giving some indication of the effectiveness of the insulation as a whole. 


o 


J. R. BEVERIDGE. 

This is just the sort of paper which is wanted; a guide to details of refrigerating 
installations which eannot readily be embodied in the Rules owing to the multitude of variations 
in existing practice. 

On page 2 it is stated that COs, if anhydrous, has no deteriorating effect upon the metals 
usually employed in engineering practice. Does this mean that the gas has an injurious effect 
on metals if it contains moisture? If so, it would be interesting to have details of the troubles 
experienced, since it is not uncommon to find moisture in the gas system due to inefficient drying 
during charging operations. However, it is stated on page 4 that evaporator tubes rarely give 
trouble from corrosion, from which one may conelude that moist COs is not corrosive. 


In the written description of the multiple effect receiver, should not the second line of 
the paragraph-read “when the small suction ports are uncovered”? 


On page 3 the advantages of using oil engines for driving compressors are summed up 
very ably, but it is not easy to agree with the author regarding the lack of favour of vertical 
enclosed type NH, compressors running at speeds of from 300 to 600 revs. per minute. This 
type appears to be exceedingly popular on the Continent, and the quiet efficient running of these 
machines appears to justify their suitability on board ship where their compactness is an asset 
as regards installations in *tween decks. 

The reference to the necessity for suitable test pressures on crank cases is weleomed, as the 
possibility of pressures in this space in excess of the normal suction pressure during the working 
eyele is frequently overlooked. When on this subject, surely it is desirable that the scantlings 
of the crank case should be suitable for any maximum pressure to which it could be subjected, 
sav from 150 to 200 lbs. per sq. in. In some eases it is necessary to have the crank case fitted with 
a relief valve to guard against the possibility of excessive pressures. It is surely better to be a 
little more generous with the seantlings. Is an air test pressure of 200 lbs. per sq. in. not 
considered sufficient in view of the previous hydraulic test? 

With reference to relief devices on the discharge side of the compressors, it would be 
preferable to lead the outlet back to the suction side of the compressor and thus save the gas. 
Even if the escape was not heard, the pressure gauge would give an immediate notification of the 
relief valve coming into action. 


On page 4, the author mentioned the predominance of the coil type of condenser and 
evaporator, but again this is by no means the case in Continental practice, and it is difficult to 
see why this type should be retained in view of the greater efficiencies of the shell and tube and 
the double tube types. 

For ammonia condensers, the following figures were recently quoted in a_ teehnical 
publication, viz. :— 

Heat transference in B.T.U. per sq. ft. of pipe per degree Fahrenheit difference of 
temperature per hour :— 


Submerged, ie., coil type Let o. 30- 40 
Shell and Tube ... spe x a4 150-800 
Double Tube Si : i 150-250 


Recent designs of coil type condensers in which the speed of water is increased by means of 
suitable baffles will no doubt have an improved rate of heat transmission, but the figures must be 
much below those of the straight tube type. It would be interesting to know the heat trans- 
mission of the multitubular type shown in Fig. 6. 


Should not the word “corrosive” be used instead of “erosive” in regard to the action of 
NH, on copper and brass? 

While the joining of copper coils by the method shown in Fig. 7 is most universal, one 
maker electrically butt welds the copper tubes. Has this method been tried in Great Britain? 
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On page 6, reference is made to hatch grids, which are usually the most unsatisfactory 
part of the installation and are a nuisance. It seems a pity that in holds using air circulation 
more use is not made of air cooling of the hatch spaces in lieu of hateh grids. In view of the 
generally unsatisfactory results obtained by the use of NH, direct expansion in grids round 
the insulated chambers of ships, perhaps the author could state whether the system is extensively 
used in modern cold stores, and with what results. 


The insulation shown in Fig. 16 is, no doubt, typical of many installations, but one cannot 
help regretting the extensive use of wood grounds. About 15 to 20 per cent of the insulation 
is not cork but wood, whose thermal conductivity is from 24 to 3 times as great as cork, That 
means that the heat leakage through the tank top insulation may be increased by about 30 per 
cent owing to the use of wood grounds. Similarly, the wood grounds on frames, beams and 
bulkhead stiffeners constitute a serious source of leakage, though much less than the steel work 
to which they are attached. In this respect it is interesting to note the results of heat leakage 
tests carried out on a large insulated vessel. 


The coefficients of heat leakage were as follows :— 


Floors of the holds ... ips mab ... 0:06 
Sides, bulkheads and roofs of ’tween decks 0-08 
Sides and bulkheads of holds ae aay (Sela 


These values are respectively about 2, 2-5 and 3-5 times the value of 0-033 for a uniform 
wall of granulated cork 10 inches thick, which was the characteristic depth of the cork insulation 
employed on the vessel. The coefficient of heat leakage is in B.T.U. per hour per sq. ft. of 
exposed surface per degree Fahrenheit difference of temperature between the external and 
internal media. 


On page 15, it is mentioned that the seuppers from the insulated chambers should have 
a liquid seal immediately below the inlet strainer, but it appears to be immaterial whether 
the seal is at the upper or lower end of the pipe; in fact the lower position is probably the more 
usual. In regard to scuppers it is necessary that blank flanging or closing of the seuppers 
should not be effected unless alternative means of drainage is supplied. Serious damage to 
eargo has been known to occur as the result of this practice, due to the failure of one of the 
*tween deck brine pipes. 


On page 17, it is interesting to note that chilled meat has been brought home from 
Australia in excellent condition without the use of COs, but with this method is there sufficient 
“reserve” to allow for the delay in unshipment and marketing of the meat? 


In conelusion, I should like to thank Mr. Gemmell for a very useful and interesting paper. 


J. McAFEr. 


Mr. Gemmell’s paper is so much plain statement of fact, and he has described modern 
marine refrigerating practice in such an able manner, that there is little scope for eriticism or 
addition to his remarks. ‘The first impression on glancing at the illustrations in the paper, 
indeed at any views of refrigerating machinery, is the extremely robust construction adopted, 
and one wonders how much these machines would loose in reliability if restricted to the same 
power weight ratio as, say, the Diesel engine. The designers must count themselves fortunate 
that the question of weight reduction is not unduly stressed. 


In the opening remarks we learn something of the characteristics of Freon as a refrigerant, 
but it is not clear why this gas should have found favour, except for its non-toxic quality. From 
the physical properties in Table I it would appear to require, for equal performance, a machine 
occupying more space than one working with CO, or NHy. It is understood, too, that the 
commercial production of Freon is comparatively expensive. 
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Mr. Gemmell stresses the necessity for anhydrous CO's, presumably to prevent the formation 
of carbonic acid. I have noticed an additional effect in this connection : with a CO, plant, water 
in the gas leads to the formation of ice inside the evaporator coils, resulting in a considerable 
loss in performance The same effect has been observed in trunk piston splash lubricated NH, 
machines, working with direct expansion, where oil has been carried past the separator and 
deposited on the inner surface of the piping in the cold chamber, acting as an insulator, with a 
very large reduction in cooling effect, until the pipes were dismantled and blown through with 
compressed air to remove the oil. 


The satisfactory functioning of the multiple effect COs compressor’ seems to depend largely 
on the behaviour of the receiver and automatic regulator which acts somewhat like the float and 
needle valve of a carburettor. In the early applications of the multiple effect principle a great 
deal of manual adjustment was required on the part of the operators, but presumably this 
disadvantage has now been overcome. 


It would be of interest, particularly when dealing with plans of the seantlings, to know 
to what extent the use of multiple effect affects the power and pressures in the system. It is 
obvious that greater effort will be required on the compression stroke, but on the other hand, 
during part of the suction stroke, the gas is actually doing work on the compressor piston, in 
fact it seems that it is the expenditure of this work which causes the lowering of temperature in 
the intermediate receiver. Perhaps a full-sized reproduction of an actual indicator diagram 
would enhance the value of Fig. 1. 


Mr. Gemmell’s remarks on the Diesel engine-driven unit are most interesting. One cannot 
quite see why he assumes that in vessels propelled by oil engines there is a greater scope for oil 
engine-driven refrigerators. It is, of course, obvious, as he says, that the use of electrically- 
driven units inereases the first cost of the ship’s generators, but is it not possible that with 
Diesel-driven units the cost of the total power plant on board will be increased? Also, the 
variation of load on the outward and homeward voyages cannot be met simply by fitting the 
refrigerators with their own prime movers, since that only means transferring the low-load 
factor from one Diesel engine to another Most motor ship engineers will agree that the 
auxiliary Diesels running at speeds over 200 R.P.M. require a great deal more attention than 
any other part of the installation and from this point of view the use of heavy-oil-driven units 
will not be welcomed by the refrigerating staff. 


Turning to the condensers and evaporators, Mr. Gemmell illustrates the usual method of 
joining copper condenser coils. Joints made by oxy-acetylene but welds and special electrodes 
have been used, but not always successfully, owing to porosity of the welds. 


The type of condenser and evaporator illustrated in Fig. 6 is popular in Continental 
practice and sometimes assumes a simpler form, being built up from elements consisting of 
tubes about 4 ins. in diameter with an inner tube which passes through glands fitted at each 
end. This type is simple and compact and the inner tube can easily be withdrawn for 
examination or replacement. 


A great deal of fusion welding is now employed in the fabrication of condensers, 
evaporators, oil separators, ete., and it often requires a nice discrimination to decide in the case 
of small vessels to what extent the rules for fusion welding are applicable. In this connection, 
it must be remembered that where in normal pressure vessel work a weld would be tested to 
only W.P. X 14 + 50 lbs. per sq. in. the refrigerating rules require in most cases test pressures of 
approximately W.P. X 3. 

Mention is made in the paper of serious explosions due to the bursting of condenser 
easings after the rupture of a coil. The prevention of fatal accidents arising from this would 
seem to call for the provision of lead bursting dises such as are frequently fitted to air compressor 
jackets. It is doubtful if a safety valve is of much use in dealing with the sudden release of a 
large volume of high pressure gas. 
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In dealing with air battery systems perhaps some mention might be made of that type 
where the air is cooled by direct contact with a brine spray. This system seems to be very 
popular in Germany and has the advantage of doing away with the necessity for de-frosting. 
The circulated air is also cleaned and rendered free from odours. One interesting feature is 
that the air in cireulating through the brine becomes drier and not wetter as one might at first 
expect. This, however, may be a doubtful advantage since some degree of air humidity is 
apparently necessary to ensure that the cargo is delivered in good condition. 

Mr. Gemmell makes a brief reference to the drainage arrangements for insulated holds. 
Sometimes this is a difficult problem and I have often wondered how effective in practice are 
some of the elaborate arrangements of non-return valves which, on paper, are fitted with such 
facility. It does not seem to be fully realized that all refrigerator cargo spaces, irrespective 
of their position, should be provided with efficient means of drainage maintained in working 
order, A seupper which has been closed with a wooden plug or cement is obviously not in 
working order and, due to this, cases have oceurred where considerable quantities of cargo 
have been damaged owing to the brine from leaking coils not being able to find its way to the 
lower bilges. The increasing use of shelter ’tween deck spaces for the carriage of refrigerated 
produce presents a problem to ensure efficient drainage since the Rules require that scuppers 
from such spaces be lead overboard except in way of the machinery space, and this is obviously 
an undesirable arrangement with such perishable cargoes. 


Mr. Gemmell has given us such an excellent paper that it is to be hoped he will take up his 
pen at some future date and give us the benefit of his extensive experience in the actual working 
and surveying of the installations which he has so well described. In the meantime, however, 
he deserves all our thanks for this excellent addition to the records of the Staff Association. 


G. O. Warrson. 

I should like a little further enlightenment on the type of vessel the author has in mind 
when he states that electrically-driven compressors necessitate larger ships’ generator sets and 
consequently considerably increased first cost. The size of the generator sets is fixed by the 
maximum demand at any one time, hence it is necessary to study the load requirements at 
different times. Certain services are only required when in harbour and others only when at 
sea. The usual motor ship has electrically-driven winehes, which are not in use at sea, and 
may have from 12 to 24 3-ton winches (25 H.P.) which will only run when working cargoes, 
and there must be generator capacity to deal with these. This capacity is then available when 
at sea for driving compressors. It is true that when loading there may be some overlapping, 
but then other services, such as engine room auxiliaries will be shut down. The point which 
I wish to emphasize in that while the addition of electrically-driven compressors may mean an 
addition to generating plant it does not follow that the addition is strictly comparable with 
the B.H.P. of the compressors, and since Diesel costs per H.P. are approximately four times the 
cost. per H.P. of an electric motor every case must be studied on its merits. 

With reference to cooler fans, only a portion, say roughly 10 per cent, representing 
electrical losses, is transferred into heat and carried away in the air stream. Since in the 
older types of fan the motor is outside the air stream (see Fig. 13), it is difficult to see how 
the claim can be justified that with axial flow fans, in which the motor is in the air stream, 
the heat transmitted is nearly 50 per cent less. 

With regard to insulation and fittings and the attention which has been given in recent 
years to improving the efficiency of the insulation, the heating and conducting effect of cables 
should not be overlooked. The temperature rise of rubber-insulated cables when carrying their 
full rated current is 11° C. and for paper or varnished cambrie insulated cables is 27° C., and 
it follows that cables should be kept outside the holds as far as possible. They also act as 
thermal conductors. 


I should be interested to learn whether glass wool has been used for insulating purposes. 
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It is noted that electrical distance thermometers have not been found sufficiently reliable to 
warrant elimination of tubes and drop thermometers, and it would be interesting to know 
whether this criticism is limited to certain makes or types and what are the causes of 
unreliability. I have heard of certain makes replacing others, due to their alleged superiority, 
It would appear that drop thermometers and their accompanying tubes are open to objection on 
the score of causing obstruction in cargo spaces. 


Ozonisers should be carefully examined by Surveyors. They depend for their operation 
on high voltages in the region of 5,000 volts and should be amply protected and the frames 
earthed. Ozone is disastrous to rubber; and exposed rubber, such as the tail ends of cables, 
should be protected from exposure to ozone. 


Frost tends to collect odours, and periodical de-frosting is necessary as a de-odorizing 
precaution, 


T. R. Morrison, 


More than half-a-century has passed since the first successful shipment of Australian frozen 
lamb was landed in this country. Many improvements have taken place in the details and finer 
points, one may say, in the methods employed. Since these pioneering days the principles have 
not altered much, and these have been very ably set forth by the author in this very helpful 
and interesting paper. The scientist and engineer have surely given us a means of controlling 
to a large extent those natural processes which cause deterioration in our foodstuffs, and soon 
we hope the word perishable may have little or no meaning in the vocabulary of refrigeration. 


The engineers, on their part, have left no stone unturned to provide the efficient, reliable 
and compact installation with which we are now familiar. I should like to say, though fully 
realizing the value of space, especially in a refrigerating vessel, he has made it too compact and 
a little more elbow and head room might be well apportioned, especially where condensers and 
evaporators are situated. I have often been much touched by the kindly words spoken by a 
half-frozen engineer, direeted towards the designer, as he was endeavouring to get at some 
damaged coils in an evaporator. 

Regarding the comparative efficiencies of the COs and ammonia machines, it would appear 
from Table No. 1 that the efficiency of ammonia as a freezing medium is about seven times 
that of COs, and realizing that the volume of vapour of CO, at a given temperature is about 
30 times less than ammonia I should like to know which medium gives the most efficient results 
in tropical waters in terms of I.H.P. This, no doubt, can be calculated theoretically, but I 
should like the author to state what his own practical experience has been on this point. 


In preserving foodstuffs it appears efforts must be made to check as far as necessary the 
constant tendency of molecules to break up and re-unite, whether as part of the natural 
changes of the body itself or as a consequence of living forms from outside. That really is the 
essence of refrigeration. 

Our machine must slow down the individual motions of the molecules which we wish to 
preserve from change, and this brings me to my last point which no doubt you all know, but I 
think is worth repeating. 

Constant and unremitting care must be used in the distribution of the refrigerating medium 
at the proper temperature and also in the examination of the chamber for the presence of mould 
whether it be ashore or afloat. Meat, fruit, ete., must be treated as living organisms, for such 
they are. Overnight, I have seen a chamber festooned with fungus which had been washed out 
a few hours previously with river water.’ Even a small amount secreted in the interstices of 
the linings, given the necessary humidity in the chamber, will attack and contaminate quickly 
what would otherwise have arrived clean and presentable. 


Other points have occurred to me, but there is no time to say any more. Thanking the 
author again for his splendid paper. 


= 
‘ 


H. N. PEMBERTON. 


L would like to refer to two points mentioned by Mr. MeAfee. First, in regard to his 
reference to the difficulties in applying the Welding Rules to pressure parts of refrigeration 
plant, I would suggest that these difficulties are not due to any deficiency in the Rules but 
rather do they arise because for so many years we have been dealing with plans of refrigerating 
pressure vessels without any welding rules at all. It is, therefore, to be expected that we must 
now set aside those precedents which present day knowledge and experience prove to be 
undesirable. 

The second point raised by Mr. McAfee referred to the possibility of reducing weight in 
refrigeration plant. There is no doubt in my mind that if weight reduction really became an 
important factor there are a number of alloy steels which would be suitable for this purpose. 
The heaviness of refrigerating plant, of which Mr. McAfee complains, is mainly due to 
manufacturers’ adherence to mild steel and east iron, a policy, no doubt, dictated by conside rations 
of eost. Is the author aware of any increased use of alloy steels in the manufacture of 
refrigerating plant? 

I would like to suggest that the value of this paper would be further enhaneed if the 
author would make reference to two interesting cases in which vessels were recently equipped 
with CU, plant, incorporating what was called a “booster” compressor and condenser, Perhaps 
the author would provide a diagram of the arrangement with a brief explanation, and I would 
specially like to learn whether it is intended that the “booster” should be in continuous 
operation with the main plant. 


On page 6, the author refers to the welding of brine leads in place on the ship. He 
will, no doubt, agree that this is an undesirable practice which should be discouraged. I 
remember some little time ago being informed of a case where this practice led to serious 
consequences when failures occurred under test, throwing justifiable doubt on every welded 
joint in the installation. 

A final query. On page 13, the author refers to bulkhead insulation and mentions the 
necessity of fitting asbestos millboard between the wood grounds and the stiffeners on bunker 
bulkheads. Should it not also be mentioned that, in accordance with the Rules, the wood 
grounds themselves should be fireproofed. Would the author state what is actually done in 
practice and whether the “proofing” is done by impregnation of the wood or by painting. 

In conclusion, may I record my appreciation of this valuable and informative paper. 


F. Brooxe Smiru (West Hartlepool). 


In reading Mr. Gemmell’s interesting paper one cannot avoid being impressed with the 
thought that refrigerating appliances of ships have made but little advancement in the past 


quarter of a century. The author does not mention cold air machines, so it is concluded that 
these cumbersome and uneconomical machines have definitely gone out of favour. 


In dealing with brine grids it is noted that the method of connecting by means of screwed 
ferrules, back nuts, and grummets still prevails as apparently the only practical method of doing 
so. The joints so made are often liable to be a source of damage and it is surprising that 
improvements in this direction have not been attained. It is stated in the paper that all brine 
erids should be thoroughly tight and that, when under frosted conditions, leaks can be 
detected by a yellow stain, but, speaking from practical experience, if the only sign of a joint 
having been leaking is that which ean be noted by a yellow stain I, personally, should not 
attach any serious importance to such. With any brine leak there is no likelihood of frost 
showing. <A yellow stain, such as referred to, ean often be caused by circulating low temperature 
brine through pipes which are not precooled, and, due to the differences in temperatures, the 
joints have a tendeney to slightly open and allow a small amount of brine to seep through, but 
these joints afterwards usually take up and are perfectly sound and tight. From the RMC 
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examination point of view, I think it far more important, whenever possible, that brine piping 
and insulation should be examined before thawing out takes place, when any faults in insulation 
and brine grids are easily detected and can be dealt with under conditions which do not cause 
delay to the vessel’s loading, and without undue discomfort to those who are called upon to do 
the necessary repairs. 


The section dealing with gas storage of chilled meat is most interesting, as this method has 
undoubtedly assisted in the development of the Empire chilled meat trade, a trade which for 
many years was the despair of refrigerating engineers. The author’s opinion, as to whether 
chilled meat carried under these conditions has the same marketable appearance as meat 
carried under non gas treatment, would be welcomed. In connection with this question it may 
be thought that I am contradicting the opening paragraph of this contribution, but since the 
early days of the carriage of chilled meat various preservative methods have been tried with 
differing degrees of success. One which comes to mind was a process whereby formaldehyde 
in a gaseous state was pumped into the chambers when these were cooled down and prepared 
for a chilled meat cargo, and again immediately after the completion of loading. The air in 
each particular compartment afterwards being, daily throughout the voyage, purified and dried 
by cireulation over a sulphuric acid bath and through calcium chloride. This method ceased 
when it became illegal to use formaldehyde as a food preservative. 


The statement that chilled meat after being 21 days on board ship commenced to deteriorate 
due to the growth of moulds and other fungi was not established in general practice. In the 
early days of the carriage of chilled meat from Argentina it was not uncommon for the meat to 
be on board ship for 35 days, and was probably prepared for shipment two or three days prior 
to loading. These cargoes were usually in excellent condition when finally marketed, showing 
no signs of mould or other growth, and, during that period of 35 days, the chambers in which 
the meat was stored would probably be opened, irrespective of the humidity of the atmosphere, 
for loading and discharging several times. Some years ago, the writer was interested in the 
question of chilled meat turning out in spotted condition due to mould. In the course of 
investigation it was found that in some of the principal and, at that time, most modern 
frigorificos no attention was paid to the presence of mould, which was prevalent in the insulated 
chambers and corridors. Nevertheless, chilled meat shipped from these places, as a general rule, 
was delivered in good condition, and the reason for occasional carcasses being spotted never 
seemed to be satisfactorily explained. Apparently the author, in the final paragraph of his 
paper, is only able to state that, provided the right conditions can be obtained throughout, there 
should be no need to resort to the use of CO, gas to prevent the formation of mould. A 
statement as to what are the right conditions would have made, what is a most instructive paper, 
complete. 


G. A, VALCKENEERS (Antwerp). 


Mr. D. Gemmell is to be congratulated on his interesting and instructive paper. I would 
like to make a few comments on some parts of the paper and pass a few remarks on 
Continental practice. On page 4, Mr, D. Gemmell describes the construction of the modern 
multi-tubular condensers with tubes welded or expanded into the tube plates. Trouble has been 
experienced in this district with several NH» condensers (six years old) through leaks developing 
at the welding of the tubes. On examination the welding was found badly corroded, although 
the adjoining plates showed no signs of corrosion. It was recommended, in an endeavour to 
protect the welding, to galvanise the tube plates by the spray method; whilst for new NH, 
multi-tubular condensers now building for the same owners it was decided to increase the 
thickness of the tube plates to 40 mm. and expand the tubes into grooves machined in the plate. 


The vertical circulating system described on page 8 is very interesting and is worthy of 
serious consideration. Due to the better distribution of the airflow and the path of the air 
through the cargo being considerably shortened it appears possible to reduce the customary 
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rate of air circulation, viz.: 30 to 40 changes per hour, without detrimental results to fruit 
cargoes. Would Mr. Gemmell consider 15 to 20 changes per hour sufficient for all fruit cargoes, 
and in the ease of the false side around the insulation being fitted would this rate of air 
circulation be adequate if the heat leakage through the walls is to be removed with a minimum 
temperature rise of the air? 


An interesting air battery in lieu of the grid air cooler is the wet cooler especially suited 
for cooling of ‘tween deck chambers. This cooler has made its appearance on vessels built on 
the Continent in recent years and is being fitted in a number of vessels now building. In the 
most common type (Fig. 1) the brine is sprayed by means of spray pipes (A) over a layer of 
poreelain ferrules (B) about 18 ins. thick; the air is circulated vertically through this layer and 
consequently comes in direet contact with the brine. Another layer of ferrules (C) about 8 ins. 
thick is placed above the spray pipes to prevent the brine from being carried over in the 
air duets. 
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The advantage of the porcelain ferrules is appreciated when we consider that 1 m® of these 
ferrules, 25 mm. outside diameter, 25 mm. long and 2 mm. thick, and heaped carelessly together 
give a cooling surface to the air of 220 m?. In three vessels now building in this district some 
cargo chambers of similar dimensions and with identical air circulating system are being fitted 
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with close pitch cross grid air coolers and others with wet air coolers. Interesting data will 
be available after these vessels have been in service for some time. The table below compares 
the two types of air coolers as fitted. 


Close pitch cross grid Wet air cooler with 

air coolers with casing. porcelain ferrules. 
Cooling capacity... 30,000 cal/hr. 30,000 eal/hr. 
Dimensions ... ae 3m. X 1-6m. x 1-7m. 3m. X 1m X1-5m, 
Weight ae Ban 3,600 Kilos. 2,520 Kilos. 
Cost price ... Fes 3/3 2/3 


It is also claimed that due to the washing effect of the brine the air is kept free from bacteria 
and that the relative humidity of the atmosphere in the cargo chambers can be regulated to a 
certain extent by controlling the density of the brine. To the disadvantage of the wet air cooler 
might be mentioned :— é 
(1) The brine being gradually reduced in density through the water deposited out 
of the air will have to be strengthened by adding calcium chloride or through evaporating 
the surplus water in an evaporator. 
(2) Wet air coolers necessitate an open brine cireulating system involving internal 
corrosion. 


(3) When these coolers have to be fitted on the same level as the brine pumps, the 
brine circulating system becomes complicated. 


When surveying wet air coolers it is advisable to carefully examine the bottom layer of 
ferrules (cooling layer) as after a time these ferrules become obstructed with sludge, which will 
lessen the free circulation of the air through the coolers. A good practice is to wash and clean 
all ferrules of the cooling layer at least once a year. The bottom plating of these coolers should 
also be watched, wastage at this part is frequently found. 


AUTHOR'S REPLY. 


Dr. Dorey suggests that figures might be quoted for the liquifaction of CUs in the vicinity 
of the critical temperature. 


The degree of liquifaction of COs in a refrigerating system is dependent on the conditions 
of working. The heat is transferred from a medium at a low temperature, as in the evaporator, 
to that of a high temperature in the condenser. The greater the difference between these 
tmperatures the lower. will be the refrigerating effect of the compressor. As the temperature 
of evaporation falls, so the pressure falls, and consequently the density of the gas entering the 
compressor is reduced. It follows that the weight of gas handled by the compressor is lowered, 
and the quantity of liquid formed is reduced. There is a further loss as the liquid passes the 
regulating valve, due to the evaporation of a part of the liquid in cooling the remainder down 
to the temperature of the evaporator. Then, as the temperature of the liquid before the regulator 
rises, and that of the evaporator falls, the amount of liquid evaporated increases. Therefore, 
any cooling of the liquid which can be effected before it reaches the regulating valve gives an 
increase of performance in the evaporator. The multiple effect system described in the paper 
is fitted for this purpose where high temperatures of water are encountered. The temperatures 
and pressures under such conditions are shown on the diagram illustrating this system, and the 
indicator diagrams given in the printed discussion. 

Aluminium foil insulation has not been used to any extent in the Mercantile Marine, but 
it has been fitted to some extent in naval vessels for magazines and store rooms, which are of 
small capacity. The aluminium foil is made in large sheets, which are crumpled and then 
roughly straightened, so that when hung in place against the surface to be insulated they form 
air spaces which are bounded by partitions with surfaces of high radiation properties. The 
spaces of comparatively still air give heat protection by minimising direct radiation. The weight 
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per eubie foot of this insulation is only 3 ozs., whereas granulated cork weighs 6 or 7 lbs. per 
cubie foot. The space oecupied by each of these materials, however, is about the same. The 
thermal conductivity of aluminium foil insulation is about 274 B.T.U. per 1 in. thickness per 
sq. ft. per hour per degree Fahrenheit, and that for granulated cork is about -3 B.T.U. This 
type of insulation fitted in the refrigerated cargo chamber of a merchant vessel was examined 
after five years’ service and found to be in excellent condition and it was reported to have given 
complete satisfaction as an insulator. 


It is understood that aluminium foil insulation is more costly than cork insulation and it 
presents difficulties where steel projections must be covered. This difficulty, however, can be 
overcome by fitting strips of slab cork over the edges of the projections such as frames, beams, 
stiffeners, ete. It is important that the aluminium foil should not be in contact with bare steel- 
work, which causes corrosion of the foil. The author had the opportunity of examining the 
aluminium foil insulation of a refrigerated road van after it had been in service for three 
vears. The foil was in excellent condition and it had retained its original bright surface. 
The only defect noticed was the corrosion of the sheets of foil which had been in contact with 
the galvanised iron lining of the refrigerated space. This can be rectified by coating the iron- 
work with a bituminous solution or by lining the ironwork with wood. 


With regard to cooling down tests, these are necessary in order to demonstrate that the 
refrigerating installation is functioning properly, and that the machinery ean easily reduce 
the temperatures of the refrigerated spaces to a level below the minimum temperature at which 
the goods will be carried and to maintain that temperature. During these tests the refrigerated 
spaces are empty and the machinery has to extract the heat passing through the insulation and 
the heat generated by fans and/or brine pumps. When the spaces are filled with goods the 
machinery has, in addition, to extract the heat contained in the cargo, above that of the 
carrying temperature, and this duty is a heavy one in the ease of fruit which has not been 
pre-cooled before being loaded. The time taken to cool such a cargo to the carrying temperature 
depends upon the capacity of the refrigerating machinery. The more rapid the rate of cooling 
the larger the plant required. When the cargo is reduced to the carrying temperature, any 
heat generated by the eargo, which is considerable in the case of fruit, has to be continuously 
extracted in addition to the heat leakage through the insulation and the heat generated by fans. 


During the first survey of refrigerated spaces when the cooling down test has been completed 
and the chambers are at or below the required temperature, an insulation test is made. The 
machines, brine pumps and fans are stopped, the temperatures taken and the chambers are kept 
closed for a period of 12 hours or more, when the rise in temperature is noted. The rate of 
increase in temperature is primarily governed by the difference in temperature level between the 
outside atmosphere and that of the chamber. It is found generally that with normal atmospheric 
temperatures from 50° to 60° F. and an initial chamber temperature of 10° F., the temperature 
rises from -5° to 1° F’. per hour over a period of 12 hours. If a refrigerated space above water 
line is cooled down to 10° F. and the outside atmosphere is at the same temperature, then it is 
obvious that no heat exchange will take place, and in the circumstances it is impossible to carry 
out an insulation test. If an excessive rise in temperature takes place under normal conditions, 
a thorough examination of the insulation should be made to ascertain if the insulating material 
has been properly packed and if any voids have been left during its construction. 


Dr. Dorey asks what ozone really is and what it does. 


Ozone is an intensively active form of oxygen gas. It is produced artificially by passing 
air or oxygen through an electrical discharge of a high potential current. The atoms of air are 
thereby split up by the intense bombardment, resulting in the formation of ozone. A molecule 
of oxygen consists of two atoms, but a molecule of ozone has three atoms. As the air passes 
through the apparatus the atoms are rearranged, three molecules of oxygen becoming two of 
ozone. The value of ozone lies in its power to destroy odours and retard growth of bacteria 
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and moulds. It is a process of oxidation of various substances which produces alterations in 
their physical character. An essential oil, such as that contained in orange rind, when in 
contact with ozone, is oxidised by combining with the oxygen of the ozone, the resulting 
compound being completely odourless. ‘ 


Mr. Beveridge asks what troubles arise from the presence of moisture in a CO, refrigerating 
system, and he states that it is not uncommon to find moisture in the system due-to inefficient 
drying during charging. 


When the system is being charged the gas is passed through a dryer which contains caleium 
chloride and a cotton wool filter. The calcium chloride absorbs any moisture contained in the 
gas and in so doing forms a concentrated brine solution. If this moisture or brine solution is 
allowed to accumulate in the dryer to excess, it is liable to be carried over into the system. 
If in such circumstances the machine is not operated for a time, the bore of the compressor and 
the rod may be seen on opening up to be coated with rust, or pitted in bad eases. So when 
moisture is found in a CO, system it is probably due to carelessness during the charging 
operation. Before connecting a CO, bottle to the charging valve, the bottle should be allowed to 
stand with the valve downwards for several hours, after which the bottle valve should be opened 
to drain out any water which may have accumulated. When charging, the bottle should be 
kept with the valve upwards to allow any remaining water to drain to the bottom. 


Mr. Beveridge, in stating that the vertical NH, machine has attained a considerable degree 
of popularity is quite correct, so far as small machines are concerned, and a number have been 
made in this country as well as on the Continent, but the author’s remark was intended to refer 
to the larger machines requiring considerable head-room which is not available in “tween decks 
where refrigerating machinery is invariably fitted in large installations. 


Referring to the seantlings of enclosed crankeases of NH, machines, most manufacturers’ 
designs give an ample factor of safety. These crankcases are subject to suction pressure only, 
which in most cases would not exceed 20 lb. per sq. in. Should the pressure be equalised on 
the suction and delivery sides through, say, the bursting of the safety dise, the pressure in 
the erankease would probably not exceed 100 lb. per sq. in. The test pressure to which such 
erankeases are subjected is 400 lbs. per sq. in., which provides an ample factor of safety. 


The discharge from CO, relief valves is sometimes led to the suction side, but it is generally 
preferred to discharge into the atmosphere, which provides more rapid relief than that which 
would be obtained by discharging into the suction side where the pressure might be anything 
from 250 to 600 lb. per sq. in., and in any case the quantity of CO, lost would be negligible 
in cost. 


As Mr. Beveridge remarks, the shell and tube and double tube types of condensers have a 
higher heat transference than the usual coil type, but the latter is less costly in construction. 
The shell and tube type is a comparatively new design, and the double pipe type has the 
disadvantage of glands which may be a source of leakage. 


A new type of condenser of the coil type has recently been introduced by a firm of Marine 
Refrigerating Machinery Manufacturers, which has a relatively high heat transference to the 
old type. This condenser is made up of small single coil units, each in separate casings connected 
in parallel. The velocity of the circulating water is considerably increased and the heat 
transference said to be about 150-300 B.T.U. per sq. ft. of pipe per degree Fahrenheit. The 
multitubular type of condenser shown in Fig. 6 has a heat transference of 150-300 B.T.U. 


I am indebted to Mr. Beveridge for having pointed out the error on page 4 of the paper 
where the word erosive is given instead of corrosive. 

The joining of copper coils by electric butt welding has been tried in Great Britain 
experimentally, but it was not found satisfactory. 
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The reference made to hateh grids on page 6 has no connection with air circulation systems. 
In modern air circulation systems the hatch trunks are cooled by branch air ducts from the 
main ducts, and in some eases special small coolers are provided for this purpose. No doubt 
Mr. Beveridge refers to chambers of large capacity when he says that the NH, direct expansion 
system in ship’s chambers is unsatisfactory. Small installations up to 15,000 eubie ft. capacity 
have been quite satisfactory. It is not, however, so satisfactory in large chambers on board 
ship, as it is difficult to regulate the flow of NH, to give uniform temperatures owing to the 
movement of the ship in a seaway. The direct expansion system is used extensively in cold stores 
on land with highly satisfactory results. It is cheap and simple to run, and for frozen products 
it is considered by most to be efficient and economical. 


All that Mr. Beveridge says about the insulation of ship’s chambers is true, but it must 
be remembered that cork is the cheapest and most durable insulation compatible with efficiency, 
and wood grounds, which are reduced as much as possible, are necessary in its construction. 
The wood grounds do not contribute greatly to the heat which passes through the insulation. 
As explained in the paper, the steel projections, such as frames, deck beams, ete., which ean 
only be seantily covered with insulating material, are the greatest heat conductors. 


The shipment of chilled meat brought from Australia without the use of a COs gas 
content was experimental and the meat was marketed in excellent condition. The voyage in 
that ease was of particularly short duration. Vessels engaged in the Australian trade usually 
pick up consignments of meat at various ports around the coast and from 40 to 50 days or more 
may elapse from the time of shipment until discharge in the United Kingdom. It is necessary 
under these conditions that some means be provided to retard or stop the development. of 
moulds and fungi, and therefore it is necessary to use COs, which is the most suitable germicide. 


Mr. MeAfee refers to the high power-weight ratio of refrigerating machines compared 
to that of the Diesel engine. The robust construction of these machines is not excessive, but 
is necessary on account of the high working pressures which exceed 1,000 Ib. per sq. in. These 
machines are mostly of the horizontal types in large installations and they are invariably placed 
on a steel deck, which permits greater flexibility than the seatines usually provided for the 
propelling machinery and its auxiliaries. When smaller vertical types of machines are used 
their power-weight ratio is not greatly in excess of that for other auxiliaries. 


With reference to the refrigerant Freon, its very high non-toxie quality is the principle 
advantage claimed, and while the machine designed for its use is somewhat larger than that 
which makes use of ammonia, it is considered by some to be worth while from a safety point of 
view, especially where machines are situated in confined spaces. 


Freon is costly owing to the relatively small demand for this refrigerant up to the present. 
Its cost per pound is about four times that of ammonia. 


The necessity for CO; being anhydrous is, as Mr. McAfee points out, to prevent the 
formation of ice in the evaporator coils. 


In plants which have trunk piston splash lubricated NH machines, where oil has collected 
in the direet expansion piping to an extent which necessitates its removal for cleaning, either 
the separators are very inefficient or the piston rings or eylinder bore are in a bad condition. The 
author has noted repeatedly when direct expansion piping has been dismantled after many 
years use, that the piping has been remarkably clear of oil deposit. 


In plants where a high evaporating temperature is necessary oil is more readily carried 
over with the delivery gas in a vaporized form, but it can be effectively arrested by the 
introduction of a mass of thin steel rings of the Raschig type, placed at random in a section 
of the separator. 
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In accordance with Mr. McAfee’s suggestion, I think the following reproductions of actual 
indicator diagrams may show quite clearly the additional advantage to be derived from the 
use of multiple effect compression. The diagrams were taken under extremely high temperature 
conditions with sea water at 90° F. and the COy leaving the condenser in a gaseous state at 
about 93° F. 

Diagram 1 shows the ordinary compression card taken from a machine before alteration to 
multiple effeet compression. 

Diagram No. 2, taken after the alteration, shows the additional charge of gas admitted to 
the cylinder at the end of the stroke. 


Diagram No. 3 shows the two diagrams superimposed. 


The multiple effect Diagram No. 3 has a much larger area than that of No. 1 ordinary 
compression, but this does not indicate that the power necessary for compression is 
proportionately greater. The portion of the diagram between the lines indicating the pressures 
in the evaporator and the receiver is obtained without a corresponding expenditure of power. 
This is brought about by the admission of the charge of higher pressure gas from the receiver 
to the cylinder on top of the charge of lower pressure gas which had been first received from 
the evaporator. 

The second high pressure charge has the effect of raising the pressure of the first charge 
in the cylinder without any mechanical effort, at the moment when the piston is at the end of 


its stroke. 
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Mr. McAfee asks if it is not possible that with Diesel-driven refrigerating machines the totai 
power plant on board will be increased. 


In the vessels fitted with these machines three generating sets are sufficient for all the 
auxiliary power required, whereas four sets would have been necessary had the refrigerating 
machinery been driven by electrie motors. The total cost of the power plant was slightly less 
with the Diesel engine drive than for the electric drive. The consumption of oil in these cases 
is about half-a-ton per day against 24 to 3 tons per day if the electrie drive had been adopted. 
The Diesel-driven machines are run at from 250 to 275 revolutions per minute and contrary to 
Mr. MeAfee’s assumption these installations are run with a very low upkeep and the refrigerating 
staff are full of praise for their trouble-free performance. 


The method of joining the lengths of copper piping for condenser coils, as illustrated in 
Fig. 7, has been found in practice to be most reliable and suitable for the purpose. These 
joints have been used by one important British manufacturer for over 30 years without any 
serious failures, and only very rare minute leakages have occurred. The joining of copper 
condenser piping by oxy-acetylene butt welds has been tried experimentally, but was not found 
to be a satisfactory method. The author has no knowledge of butt welded copper coils having 
been placed in service. 


The double pipe type of condenser to which Mr. McAfee refers is quite satisfactory and 
efficient, with a comparatively high factor of heat transfer. It is, however, more costly to 
manufacture than other types and the glands always provide a source of possible leakage. 


The test pressures to which coils and pressure vessels are subjected were fixed in the early 
days of the development of COs and NH» refrigerating installations by the manufacturers. It 
has not been considered that there is any cause to reduce these pressures as the importance of 
a high factor of safety is generally recognised. It should be remembered that the charge of 
refrigerant must be rigorously preserved, and the possibility of leakage cut down to a minimum. 
Small continuous leakages are costly, and may even result in depleting the charge of refrigerant 
to a dangerous degree. Furthermore, the gases are toxic and condenser and evaporator coils 
are often placed in positions which make the inspection of them difficult. 


With regard to the bursting of condenser casings through the rupture of a coil, such cases 
have happily been very rare. The splitting of a coil due, say, to a lamination, may give instant 
release to a large volume of high pressure gas, which would not be relieved by a safety dise in 
time to prevent an accumulation of pressure sufficient to burst the casing. Even the circulating 
water outlet, which may be three or four inches in diameter, would be insufficient relief in such 
a ease. The safety valves fitted to condenser casings are only intended to deal with excessive 
water pressure. 


The type of brine spray air cooler referred to, known as the “Germania” cooler, has been 
used mainly in small installations in connection with ships’ provision rooms. The air is kept 
thoroughly clean in being washed by the brine, and a number of different rooms may be served 
by one fan and cooler without the odour from one room effecting the others. This type of 
cooler, as Mr. MeAfee remarks, has the disadvantage of extracting too much moisture from 
the air, with a consequent drying effect on the goods. The vapour pressure of calcium chloride 
solution is lower than that of pure water, and consequently has a dehydrating effect. The 
consumption of calcium chloride is therefore high, as the brine steadily drops to a lower 
specific gravity. 


Mr. Watson asks what type of vessel is referred to in which electrically-driven compressors 
necessitate larger ships’ generator sets. 
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The vessels referred to are fully refrigerated and they have to deal with mixed cargoes of 
chilled and frozen meat, oranges and bananas. In such vessels the refrigerating machinery must 
be run at full capacity for several days before arriving at the loading port, and it runs 
continuously from that time until all the cargo is discharged at the home port. The fruit 
cargoes are received at atmospheric temperature and this must be reduced to the determined 
carrying temperature in as little time as possible, necessitating the maximum demand from 
the refrigerating machinery. As the temperatures are reduced one machine can be shut down, 
but the remaining machine may be kept running at full capacity up to as much as 20 days. 


The overlapping of refrigerating machinery and other services is considerable in a vessel 
of the type mentioned. Winches are used for various purposes for several days before arriving 
in port, and when several ports of loading are involved this overlapping is increased. I quite 
agree with Mr. Watson, however, that each case must be studied on its merits. 


The efficiencies of the older types of centrifugal fans vary considerably and whereas the 
case used in the comparison may have been a very bad one, the improved type of centrifugal 
fans give much better comparisons. The author has not had the opportunity of checking the 
statements made by the manufacturers of fans, but they state that the percentage of the capacity 
of a ship’s refrigerating plant used to eliminate the heat generated by the fans are 
approximately 21 to 26 per cent for modern centrifugal fans and about 15 to 20 per cent for 
axial flow fans. The class of fan shown in the illustration is stated to give an efficiency of 65 
to 75 per cent, based on the static water gauge, and the average centrifugal fan to have an 
overall efficiency of about 40 per cent. 


As far as the author is aware glass wool has not been used for insulating purposes in ships’ 
refrigerated chambers. It has a comparatively good thermal conductivity value, but its weight 
and cost compared to cork are not in its favour. 


Progress in the transport of refrigerated produce has necessitated the more accurate 
recording of temperatures. Experience has shown that the successful carriage of chilled meats 
and fruits depends very largely on the maintenance of a fixed temperature which is most suitable 
for the particular product. 


Electrical distance thermometers can be set to give accurate readings, but it has been found 
that these do not remain constantly accurate owing to variations in the voltage of the battery 
which supplies the current to the Wheatston Bridge employed in these circuits. A resistance 
is incorporated in the circuit to compensate for these variations, but this is not always attended 
to in service and is somewhat difficult to adjust accurately. 


Mr. Watson states that ozone is disastrous to rubber, such as the tail ends of cables, and they 
should be protected from exposure to ozone. This is misleading because, while it is true that 
ozone at a concentration of 25 or more parts to one million parts of air does affect rubber, the 
concentrations used commercially are generally only a fraction of a unit and never more than 
two parts to a million parts of air. At these concentrations ozone has no effect on rubber, It 
takes about 5 kilowatts to produce ozone at 25 parts to a million, whereas the installations 
employed in refrigerated chambers only take 100 watts. 


Frost does collect odours to a small extent, but in a refrigerated chamber the odours are 
those produced by the cargo itself and it is not necessary to de-frost for this reason during a 
voyage. 


When eargo is cooled by brine grids, de-frosting is not carried out until all the cargo has 
been discharged. 


When cooling is effected by batteries, these are de-frosted periodically, but only because 
the accumulation of frost chokes the pipes and lowers their efficiency. 


I was very pleased to have Mr. Morrison’s remarks about the pioneering days of marine 
refrigeration. Great strides have been made since those days, and now we are dependent on 
refrigeration for a large percentage of our food supplies. 


The first suecessful cargo of frozen beef, mutton and lamb, about 40 tons in all, arrived in 
London from Australia in February, 1880. Over a million tons of chilled and frozen meat 
are now imported into Great Britain annually. The first large cargo of fruit from Australia was 
shipped from Melbourne in May, 1888, the cargo consisting of about 500 tons of apples. Well 
over 500,000 tons of fruit, apart from over one million bunches of bananas, are now imported 
annually. 


The scientist and engineer have been in much closer collaboration in recent vears and their 
deliberations and combined investigations have solved many of the earlier problems in marine 
refrigerated transport. 


I agree with Mr. Morrison’s remark about the curtailment of space around such important 
parts as condensers and evaporators, but no doubt the designer is faced with difficulties in this 
respect according to the arrangements of spaces. In recent installations due consideration 
has been given to this point. The Rule which requires withdrawal of condenser coils at intervals, 
calls for careful arrangement in the ship, so that the coils ean be easily withdrawn. 


Mr. Morrison has asked whether NH» or CU, gives the most efficient results in tropical 
waters in terms of L.H.P. from practical experience. 


It may be said at onee that in tropical waters the H.P. per ton of refrigeration is 
considerably greater with CO, than with NH,. The actual I.H.P. can, of course, only be 
determined from indieator eards and it might be of interest to quote some figures, for which 
IT am indebted to Messrs. J. & E. Hall, Ld. These figures show a comparison between the 
theoretical H.P. per ton refrigeration with NH, and CO, and the actual duty taken from 
indicator eards. 


Condenser °F. Theoretical H.P. per T.R. Actual Duty. 
NH, CO, cO,/NH,; 
60 see “645 “80 124°% ie 150/170°%% 
80 ae “92 1:34 149% see 160/188° 
85 Pas -98 1-48 151% a — 
100... «+123 196 160% ...  190/210% 


Mr. Pemberton’s reply to Mr. MecAfee’s remarks regarding the weight of refrigerating 
machinery states the ease very well. Alloy steels have not been used to any great extent in 
the manufacture of refrigerating machinery, as any reductions in weight which could be 
effected would not be considered worth the additional cost. As pointed out in my reply to 
Mr. McAfee, the construction of these machines must be robust on account of the high pressures 
to be dealt with and from the fact that the machines are usually placed on a flexible *tween 
deck. 


The CO, “booster” plants which Mr. Pemberton refers to, fitted recently on two large 
refrigerated vessels, are used for the purpose of cooling the liquid CO; from the main condensers 
when the vessel is in tropical waters. 


The “booster” plant consists of a horizontal steam-driven refrigerating machine, condenser 
and liquid cooler of the double pipe type. The liquid from the condensers of the main 
refrigerating plant passes through the annulus of the liquid cooler, and is reduced in temperature 
before passing on to the main evaporators. The “booster” plant has its own COs circuit, the 
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COs being delivered to its condenser, and thence through the inner tube of the liquid cooler, 
where it expands and lowers the temperature of the liquid from the main condensers as it 
passes through the annulus. The diagram illustrates the cireuit. 
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This auxiliary refrigerating plant or “booster” was fitted for the purpose of dealing with 
peak loads, when cargoes of fruit are shipped at atmospheric temperatures and the sea water 
temperatures are high. It has been found, however, in these vessels that by running the “booster” 
plant during the whole voyage, an all round economy is effected by a considerable reduction in the 
speed of the main refrigerating machines. 


The case which Mr. Pemberton has referred to where the brine grids were butt welded 
in place, and failures occurred under test, should not condemn this practice. The failures 
were due to the employment of welders who were inexperienced in this type of work. 


In another ship the brine piping in No. 3 hold was welded in the same way and has been 
thoroughly satisfactory, but the welders employed in this case were picked men who had been 
used to that type of work. This vessel went ashore off the Australian Coast and damaged her 
propeller blades, causing excessive vibration throughout the ship on the voyage home. It was 
found that many leakages had taken place from serewed joints in the other spaces, but there 
was no leakage from the welded piping in the No. 3 hold. 


The wood grounds on bunker bulkheads should be treated with a fire-proofing liquid, and 
for preference the wood should be impregnated. In cases which have come before the author’s 
notice, the timber used for this purpose has been impregnated. 
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Mr. Brooke Smith queries my statement, that in a brine grid system brine leaks can be 
detected by a yellow stain while the pipes are frosted, and at the same time he states that the 
brine piping should be examined before thawing out takes place, when any faults can easily be 
deteeted. 

Surely the reason for the easy detection of faults before thawing out is that the faults or 
leaks can be readily seen either by the absence of frost or a yellow stain, aecording to the 
magnitude of the leak. 

Chilled meat, transported from Australia in an atmosphere containing COs gas, arrives in 
the United Kingdom in good marketable condition and is sold at a competitive price little under, 
and sometimes equal, to that obtained for Argentine chilled meat. 


In referring to the right conditions, the author had in mind the eare which is needed at the 
abattoirs on the hygienie side. 

Mould and black spot on chilled meat has been greatly reduced in recent years owing to 
the more careful attention which is paid to conditions in the abattoirs. It has been found, 
for instance, that sawdust on floors was heavily contaminated with moulds and this has been 
largely eliminated. It has also been proved that where steps are taken to have the paunch, 
hooves, hides, ete., removed, the bacteria on the meat is very much reduced. The transport of 
chilled beef is considerably simplified by improving the methods of handling in terms of bacterial 
cleanliness. 

The trouble which Mr. Valekeneers mentions in connection with welded tubes in multi- 
tubular condensers was probably due to electrolytic action. This action would probably be 
checked by fitting a suitable corrosion plug inside the end cover. 

The spray method of galvanising suggested is not considered to be an effective or lasting 
protection against corrosion. The latter method of construction mentioned, in which the holes 
in the tube plates are grooved and the tubes expanded in place, is a reliable method and one 
which is generally adopted by British manufacturers. 

The advantage of the vertical air cireulation system referred to in the paper has the 
advantage of maintaining a much closer relation between delivery and suction temperatures, 
thereby ensuring a more uniform temperature throughout the cargo. 

The system of air distribution does not govern the changes of air per hour, which is 
determined by the class and shipping temperature of the produce carried. The type of wet 
air cooler deseribed by Mr. Valekeneers is quite efficient in its cooling performance, and it has 
been used satisfactorily in small installations, partieularly for ships’ provision rooms. It has 
a de-hydrating effect upon produce and the consumption of calcium is high. 

The comparative figures of dimensions and weights given by Mr. Valekeneers are the 
reverse to those which have come to the notice of the author. It would appear that the figures 
provide a very liberal pipe surface for the accumulation of frost in the case of the cross erid 
air cooler quoted, which would account for the larger dimensions and weight than those of 
the wet cooler. 
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Lloyd’s Register Staff Association. 


ANNUAL MEETING. 


The Annual Business Meeting of the Staff Association was 
held in the London Office on Thursday, 
3lst March, 1938. 


Mr. G. D. Ritchie, the President, oceupied the Chair. 


Apologies for absence received from Mr. W. Watt and Mr. W. D. Heck were intimated to the 
Meeting. 


The Minutes of the previous Annual Meeting, being already in the hands of the Meeting, 
were taken as read and adopted. 


The Hon. Seeretary then submitted the financial statement, and stated that the estimated 
balance on the year’s working was £14 Os. 6d. as compared with £12 2s. 3d. for the previous year. 


Mr. W. Thomson, before moving the adoption of the statement, asked that attention might 
be paid to the amount expended in gratuities. The Seeretary said that this matter had been 
under consideration by a sub-committee, that the sum paid was slightly less than last year, and 
that every care was taken to keep the amount within reason; Mr. Thomson expressed himself 
satisfied and moved the adoption of the statement. This was seconded by Mr. H. C. Murray. 


Mr. Ritchie: This, gentlemen, is the last oceasion on which I shall have the pleasure of 
occupying this Chair, and I would like to preface what few remarks I have to make with a 
reference to the obligation this Association is under to the Committee of this Society. They 
have always taken an interest in what we do, and we ought to take such an opportunity as this 
of expressing our thanks. 


I think you will agree that we are in a hearty and healthy condition; that, of course, has 
very little to do with the President, it depends on the Committee. 


We have again covered a very wide field in the papers we have done this Session, and 
have been fortunate enough to have discovered papers which have met with considerable 
appreciation, and which have been on a level with anything we have done before. 

Mr. Costantini’s paper, “Vibration in Ships,” is to be given by him at the Spring Meetings 
of the Institution of Naval Architects, to be held in London next week. 

I do not propose to detain you any longer but I must say that it has been a very great 


pleasure for me to have been President of this Association, and it is a pleasure which I shall 
always look upon with gratitude. 


The provisional syllabus for next session is as follows :— 


1938. 
6TH OCTOBER... ae ... Special Lecture, 
“ Whaling in the Antarctic.” 
PF. Cur. CHRISTENSEN. 
7rH NOVEMBER ... oe ... “Survey and Testing of Welded Pressure 
Vessels.” 
H. L. SurHerst. 
StH DECEMBER ... aay ... “ Electrical Surveys.” 
G. AUTERSEN. R, C. CLAYTON. 
H. HArrner. 
1939. 
JANUARY ... axe ... “Survey and Repair of old Trawlers.” 
R. RENNIE. 
FEBRUARY ... 7a ... “Piping Arrangements.” 
J. BEVERIDGE. 
Marcu oe ed ... “ Chain Cables.” 


W. D. Heck. 


I think you will agree that this is a very fine programme, 

It is now my very pleasant duty to propose that Mr. Ward be your President for the next 
Session. It is a strong recommendation of the Committee of the Association, and I have no 
doubt that you will be delighted to have him as your President. 


This was seconded by Mr. G. O. Watson. 


Mr. Ward: Mr. Chairman and Gentlemen, I have to thank you for electing me to this 
Office, which has been so ably filled by Mr. Ritchie in the last two years. I shall try and take 
him as an example, and use my best endeavour to carry out my duties to the best of my ability. 


Mr. Ritchie: It is now my pleasant duty to propose that Mr. Murray be asked to fill the 
post of Secretary. It has been a great pleasure to me to work with him in arranging the 
affairs of the Association, and I recommend this proposal for your approval. 

Mr. Murray: I shall have much pleasure in undertaking the duties for another year. I 


would like to mention that we are very much indebted to Messrs. Eastaway, Fisher and Algate 
who do the typing incidental to the job. 


ELECTION OF COMMITTEE, 


The London Committee was then elected as follows :—J. Anderson, C. H. Stocks, A. Urwin, 
G. O. Watson, L. H. F. Young and H. A. Garnett. 

Mr. Ritchie: Is there any other business you would like to bring forward? 

Mr. Blocksidge: Before making your exit I would like to propose a vote of thanks to you 
for your work during the past few years. I think it is very much due to you that the Association 
is in such a healthy position at the present moment, and I would like you to realise that we 
appreciate all that you have done for us in your term of Office. 

Mr. Ritchie: Gentlemen, thank you very much. 


ees Ad 


’ 
Aide 
Ad 


3) 


et 


7 


POEs 
et 3 


wey 
eat 


ee Nes, 
a 


mt. 


ee ee oe 


> SS 


